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TBE GENETIC AKD THE OPERATIVE EVIDENCE EEUTIN6 
TO SECONDARY SEXUAL CHARACTERS. 



Bt T. H. Mosoah. 



PARTI. 



There axe a few races of poultry that have two kinds of males, one 
with the feathering td the (Hxlinary cock, the other with the feathering 
of the hen. The Eambiirgs and the Cainpines are perhaps the best 
known races of this sort. Convention amongst breeders, in certain 
countries, has determined that the cock-feathered bird shall be the 
standard, and at other times and places that the hen-feathered males 
shall be the show birds. In one breed, at least, vis, the Selmf^t 
bantams, the hen-feathered cock is the oxAy known tjrpe. Cock- 
feathered Sebrights have never been seen, so Car as I know. This 
breed is pure for hen-feathering. As shown in plate I, figure 3, Uie 
male Sebright lacks the long, pointed saddle feathers at the base ci 
the tail of the common cock, ^so the peculiar back and neck feathers 
Oiackles) of the cock bird, as well as the male feathmog on the bow 
of the wing. His feathers in these parts are almost exactly like thoee 
of the hen (plate 4, fig. 4). The long sickle feathers covering the true 
tail are also absent, although the two median ones scmietimes occur 
in males of this race. 

The Sebr^ts seemed excellent material for studying the heredity 
of this type of plumage in ihe male. In I91I I b^an to study this 
problem, and crossed Sebrights to Black-Breasted Game bantams. 
The latter race was chosen not only because the males have the typical 
cock-feathering, but also because the coloration of these birds resembles 
very closely that of the jungle-fowl, from which many, perhaps all, of 
our domesticated races have sprung. 

In dissecting some of the Fj birds from this cross I noticed that the 
testis of the male was often more flattened than is the testis of the 
typical male bird, that it was often somewhat pear-shaped, and that 
frequently it was in part en* entirely black. Recalling that male 
Sebrights are said to be often partially sterile, the idea naturally 
su^ested itself that these birds are ben-feathered because the testes 
have assumed some of the characteristics of the ovary. It had long 
been supposed, and had been finally established by Goodale, that the 
presence of the ovary in the female suppresses her potential develop- 
ment of pliimage, for when the ovaries of the hen are diseased or 
removed she develops the plumage of the male. This reasoning led 
me to tiy the experiment of castrating the hen-feathered males in 



Digitized by VjOOQIC 



6 THB GBNBTIG AND THB onUElATIVI) BVIDSNCB 

order to see if tbey would become cx)ck-feathN«d. The outetnue waa 
immediatdy ivpar«it; the new feathers were those of the cock bird. 
While the "leascaung" that led to the experiment is open to serious 
question, neverthelees the "hint" furnished by the unusual condition 
ci the testis led finally to the discovoy that luteal cells were present 
in abundance in the testes of the male Sebright like those present only 
in the females of other breeds. Whether or not the shape of the testis 
of the Sebright, that is sometimes like that of the ovary, is connected 
with the unusual abimdance of luteal cells in the testis I do not know. 
If so, then the hint that came from their shape was not so unreasonable 
as appears at first a^t. 

The InrdB first operated upon were adult Fi and Ft hen-feathered 
birds. Hie first (hm dtma by mysdf died, but a few, whose testes were 
ranoved by Dr. H. D. Goodale at my request, lived and changed to 
eock-feathered birds. Since then I have operated successfully on a 
number of Fi and Ft birds, as well as Selni^t malee. In these opera- 
tions I bikvv had throughout the assistance of Dr. A. H. Sturtevant 
and tar two years the assistance of Dr. J. W. Gowen also. I wish to 
express my api»«ciation of their help and advice, for without it I 
doubt whether I could have carried out the work successfully. Since 
the main interest attaches to the Sebri^t experiments, they will be 
described first, atthough they were the last to be performed. 

CASTRATION OF SEBRIGKTS. 

Except for the similarities of the plumage, the male Sebright differs 
as much from the female as do cocks of other races. The rose comb 
is very large in the male, small in the female (plate 4, figs. 3, 4). The 
wattles also are longer in the male. The cock carries himself erect, 
as do the males of other breeds. His spurs are well developed and 
he shows the aggressive behavior of his sex. On the other hand, the 
shortness of the feathers on the back of the neck (the hackles), the 
absence of the pointed feathers on the back and rump, and the iisual 
absence of long sickles and other tail-covert feathers make hiin 
hen-like. The detailed account of the feathers in these critical r^ons 
will be given when comparisons are made with the feathers of the 
castrated birds (plates 6 and 8). 

Six males have been successfully operated upon and with one 
apparent exception have all given the same results. The birds were of 
somewhat different ages; they had been hatched about July, and were 
operated upon about November of the same year, when they were 
either half grown or had nearly reached maturity. At the time of the 
operation a few feathers were removed from d^erent regions of the 
body, and the new feathers that regenerated in the course of 3 or 4 
we^ showed all the characteristics of those that came in later to 
replace the juvenile or first adult coat. These r^en^ated feathers do 



Digitized by VjOOQIC 



BBIATIMO 1<0 BBCONDART BBXUAL CHARACTUBS. 7 

not, tfacrrfore, call for Bpecisl notioe. All of tiie new featl^rs were in 
shape, pattern, and general col<Hation strikingly different ficxHn the 
cri^nal feathers, some of which were at first still present, Ute old 
feathers of course showing no change. 

After c(«npletel7 mdting, the appearanee of the Inrds may be 
gathered from the phoU^raphB (plate 5) and frran the colored drawings 
(pl&tee I and 3). The male now has in all points the plumage of a 
^ieal cock-feathered male bird of other tn«eda. This is startlingly 
apparent in the hackle, back, rump, sickle, and tall-covert feathers. 
Instead of the laced feathers that are charactwistic of both male and 
female, the whole upper surface of the bird appears reddish or yellowish, 
the black marginal edging of the feathers having disappeared. A 
detailed comparison of the feathers of the different r^jions will show 
how great a change has taken place. (See page 8.) 

In plates 6 and 8 the feathers frcmi characteristic r^ons of the 
ncamal Sebright and of the castrated Selwi^t are shown in pairs. 

One of the first Sebrighta that was castrated was a I^ttt bird than 
the others. Its lighter color was partly due to the narrower outer 
band of the laced feathers, (plate 6, figure 1,) and partly to the 
lighter colco- of the yellow-brown cent« of the feathers. The bird had 
a single comb, but as this crops up occasionally in some stocks of 
S^r^ts, it need not be interpreted to mean that the tniti was impure 
for color &ctorB. After bdng castrated the bird changed over com- 
pletely to cock-feathering and has remained in that ctmdition for two 
or more yean. As shown in plate 5, figure 2, the plumage is 
even more fully developed than in cock birds of some other breeds. 
The comb and wattles are, however, shrunken and pale, as in a capon. 
The bird is timid and scarcely or never crows. When killed (May 
1919) no pieces of testes and no trace of testicular tissue at the old 
situs were found. 

The details of the feathers are shown in plate 6, figures 1 and la, 
where, in each instance, one of the old and one of the new feathers 
from the same rc^on are placed side by side. The feathers on the 
head and hackle are yellow, even to the base. At the base of the 
hackle — the so-called cape — a few feathers have a small black tip. 
The feathers of the back are entirely yellow, except that where the 
fluff b^^ns there is some dark pigment. The saddle feath^^ are for 
the most part all yellow, but a few have at the base, near the fluff, 
black on each side. The tail coverts are long, with a black margin at 
thdr tip. The tail feathers are long, mossy, and have a black tip. 
The wing-bow feathers are all yellow, except the black fluff at the base. 
The feathers on the crop are mostly yellow with black mai^^in around 
the end. Those on the breast lower down are yellow with black tip 
and black fluff. 

There was another Sebr^t operated upon at the same time that was 
a darker bird (as the or^jinal feathers show, plate 8, figs. 1 to 4) . It had 
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a rose camh. Tbe feathere that were plucked at the time of operation 
were replaced at tmce by new feathers of the cock-feathered type. Tbs 
new feathera that came in as the old ones were molted were also cock- 
^pe, and the bird soon assumed the complete chaiacteristie cock- 
feathering. The comb was shrunken as in castrated birds (plate 5, 



SEBRIGHT. 
Plates 6 and S. 

1. On the hwd (a) the feathsB ore amaU, 
dnQ bbdc with li^stw mvgiii and 
nddUi quOL 

3. Oa the hwUe <b) Um f Mthtn are ydknr 
bordered with black, eipeoially at 
the baae, and at the tip outside of 
Una bordsr there is a nanow yelknr 
border (tmadcr at base). The 
border ia abamt at tip. 

8. In the middle of the baok (betwMsi the 
wings) the f eathoa are yiilow with 
black margiD at the tip. At the 
baae thoe ia some dark cedar. 



CASTRATE. 
Hates e and & 

1. Feathers entirdy ydlow and mora alMider. 
Those oa eaeh side of the ■timiiVm 
oomb stand op from the bead. 

2. Haekles on vpptr part of nmA have a 
black baae with red tip. The 
outer edge, without barbulea, ia 
narrow, then tvoader than at tip. 
Farther down the neek the edge 
with baifaulea is ytHaw witfi a 
narrow black margin. 

8. In the part of the feather with baifauke 
there is a ydknr eenter bofderad 
by a broad bla4^ band, eqieciallj 
at baae. In the part without bat* 
bulesthe feathers are ydlow and 
mora pointed. Ihis regioB impo- 
eially ia deeper yellow than in the 
migmal Set^i^. 

4. Saddle oonmte of kmg, slender laoed 
feathers, eoecfit at tap, whidi is »d. 
Barbulee are absent along edge <rf 
outw third of feather. 

5. Tail ooverta long, cowing Um tail asin 
ooek birds of other breeds. The 
uckle feathess, especially the upper 
ones, are mudi eurred, with hhuk 
tipa; the blade margin is large^ 
gone. The feathera ^ mossy, 
scmetimeB splotclied (this is abo 
aometimee noticeable in normal 
bbds). 

6. The tail feathers thanselrM are almost 
twice as kmg sa in normal bird; the 
upper feathers are more curved. 

7. The feathers cowing bow are like those of 
the bade erf the same bitd, but 
shorter. 

8. The crop feathers are narrower, with a 
wider blai^ margin, and a few may 
be abo entire^ blade Featiiers 
on lows' breast much like those in 
normal, but a little more pointed. 

figures). During the spring of 1917 it was noticed that the bird was 
going back towards the hen-feathered type, and by the end of the sununo' 
he was in the intermediate condition, as eJiown by the photograph and 
by the individual feathers (plate 8, 16, 26, 36, 46). The comb had begun 
to enlarge also. The bird was opened again (1018) and pieees of testis 
aboutasbigaa peas were found asx (me aida Evidentlya [»eoe of the old 



4. The saddle is made up of typieal laoed 

feathers with blaek where the 
fluff begins. 

5. lite tail ooverta are short; the upper 

ones, eapedally the short siddea, 
are sli^ttly curved. Tbe sickle 
feathers exteokd iq) cmly about h^ 
the length of the taiL They are 
yellow, laoed, and have a black 
margin, teatding to be loet at tip. 



6. The yeQow tail is d>art and erect. 



7. The fcatlMTs on the wing bow are piao- 

ticaUy like those on the back, but 

8. Over the crop and lower breast the 

feathera are laoed. 



Digitized by VjOOQIC 



BEIiATING TO BBCONDABT SEXUAL CHABACTTUBS. 9 

teetdB had been left behind and had regenerated. As it enlarged the new 
feathers were affected so tliat the plumage returned towards ihe nonnal 
type. The piecee of testis were removed and a few featfaeis i^ucked 
out. The new feathers that came in were typically cock-feathered, 
and, as the rndting proceeded during the winter and spring, the bird 
became cock-feathered for a second time as shown in photograph 
(l^te 5, figure 6) and by the featbas in plate 8, Ic, 2c, 3e, 4c. Here, 
then, is an excellent example of the ctHmection between the gonad and 
the condition of the plimmge. On opening this bird (May 1919) no 
pieces of testes were found. There was a veary small whitish lump at 
the rituB of the old testes, which, when sectioned, showed some gland- 
ular-like tissue, not in tubules, and no evidence of testicular tissue. 

Three other younger Sebtights of the same stock were sucoessfully 
castrated. They were hatched in June or July and castrated in 
November of the same year. They remained quite small birds, despite 
their elongation due to the long tiul and tail coverts that th^ devel- 
oped. One of these birds in his cock-feathered pliunage is shown in 
plate 3, figure 1. One has died, the other two are alive and markedly 
cock-feathered, as shown in plate 6, figure 2a. All three birds were 
dark red-brown, much more so than the two preceding cases, especially 
the first case. This color difference might be attributed to the earlier 
age of the three birds when operated upon, or to a more complete 
(or less complete) operation involving perhaps neighboring parts, or 
to the birds having a somewhat different genetic cam[)osition (i. e., 
modifying factors). Th^e is no special reason why the operation if 
performed early should have a different result on feathers that develop 
after the bird is of adult age. Goodale has suggested that there may 
be cffgans in the vicinity t^ the testis that have some influence on the 
kind of plumage produced, and if there are such organs they might be 
removed in one bird and accidentally left in another. It would not, 
however, be probable that the bird operated on at first had received 
one treatment and the later ones the other treatment. It seems to me 
more probable that the birds have come from different genetic str^ns, 
and that this genetic difference gives a more plausible eoEpIanaticm 
of the darker eock-feathered plumage. Goodale observed, for the first 
time I think, that the largest wing coverts of the castrated cock be- 
come longer. I looked, theref<Hre, with some interest at the condition 
of these same feathers in the castrated Sd[>ri^ts. As shown in plate 
10, figures 1, la, these feathers are also longer and narrower in the cas- 
trated Sebright than in the normal bird. 

The tme tail feathers of the capon are said to be longer than those of 
the oock. This holds also for the taU feathers of all of my castrated 
Sebrights. Their true tail feathers are considerably longer than those 
of the nwmal male, as seen by puUii^ them out and comparing the 
two. Their length is concealed while on the bird by the excessively 
long coverts that appear after castration. 
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In 1916 I (V)«n>ted oa & S^rig^t male that lived tor eotoB montto, 
but died in the Bummo' of 1917. At the time of his death be had 
aBBiiDied a partial eock-featfawing, as Bhown by the featiiers in plate 9, 
figure 3, 3a. Dissection showed that some ot the teetee had been left, 
and as is thm to be eq)ected, the change was inc(«nplete. 

A MALE SEBRlGlfr THAT DID NOT BECOME COCK-FEATHERED 
AFIER CASTRATION. 

One of the males that had been castrated with the others did not 
become cock-feathered even after a year. Taking for granted that 
the castration had been incomplete, the bird was opened, but as no 
pieces of the testes were to be found in the nonnal portion he was 
killed and carefully dissected. There were no pieces of testes found 
in the normal situs. A small whitish patch of material from this region 
was cut into sections, but no testicular material was found in it. Then 
a large piece of the back from the region of the attachment of the 
testes was prepared, but as yet this piece has not been sectioned. Evrai 
were a small piece of tissue to be found, it would seem imlikely that it 
would suffice to hold back aU indications of the cock-feathering, iar 
after incomplete removal of the testis there are nearly always at first 
some indications of the lack of material. The most plauuble view here 
is either that some other gland may have assumed, provisionally, the 
function of the missing testes, or else a detached piece has not yet 
been found. Glandular cells like the luteal cells of the ovary have 
in fact been described by some observos in other organs of Uie body. 
As yet I have not found time to make a thorough histological study 
of tiie tissues of this bird. 

TRANSITIONAL FEATHERS. 

In several birds new featho^ had begun to devel<^ at the time of 
the operation under the influence of the testicular secretion. After 
the removal of the testes, these feathers continued to grow and in the 
abeence of the original ccmditions changed over to the other type. 
The outer end of these feathers shows the origuoal or nonnal shape and 
color, while the inner end shows the new characteristics. Such feathers 
have been seen in nearly all of my castrated birds; a few from the 
S^right will suffice by way of illustration. In plate 10, ^ure 2a, 
four such transitional feathers are shown. In a and b two feathers 
from the hackle are phot<^raphed. llie first (a) had b^tin as a nonnal 
Sebright iiackle feather, as seen in the condition of its tip; the rest of 
the feather is the same as the feather of the castrated bird. For com- 
parison with this feather, two (2b) from the same bird are shown that 
began to develop after tbs testes were removed, i. e., at the same time 
as the change occurred in the former f eath^. At the lime the latta 
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featlier (b) had not yet (XHHi^eted ite full growth. On the bow of the 
wing a few intermediate feathers, like the one shown in 2a, were 
present. (For ocnnparison with normal and castanted feath^ see 
those on plates 6 and 8.) 

An intermediate feather from the back is lAown in 2a. F(V com- 
paiison with the old feathers from the same region see plate 6, fig. 2. 
An intermediate saddle feather is shown in 2a. For comparison with 
nomul feathers from the same re^on see figure 2. A still later feather 
from the castrated bird is shown in 26. The last was not yet com- 
plete when removed from the bird. 

It will be noticed that the change after castration involves the color, 
the shape, and the presence and absence of barbules in those parts of 
the bird that are peculiar in the last respect. The transition in these 
characters is quite sharp — as sharp in fact as is compatible with the 
passage from one structure to that of an entirely different kind without 
any discontinuity of growth. Owing to the quickness of the response 
shown by the feather, it will be poedble to study more in detail the 
length of time the secretion remains in the body of the bird after the 
testes have been removed. 

CASTRATION OF F, HEN-FEATHERED MALES FROM SEBRIGHT 
BY GAME. 

Hen-feathering is dominant to cock-feathering. As shown in plate 
2, the Fi male is almost as completdy hen4eathered as is the male 
Sebright. There is a somewhat greater color difference between the 
Fi male and Fi fenuUe than between the Sebright male and female. 
Two Fi birds were castrated for me by Goodale. At the time of 
(qwration, in the autumn <A 1916, both birds were full grown, (plate 
2, figure 1). After molting the old feathers, both birds speared as 
shown in plate 2, figure 4. £!ach is completely cock-feathered. The 
plumage has also undergone a remarkable change in color. In general, 
the color change is from yellow and black to reddish yellow. The 
greatest change is over the upper surface. The cackle, covert, and tail 
feathers are well formed and have now become iridescent black. Tlie 
breast has changed least of all. One bird died February 12, 1019. 
When opened there was found on the left side a small \^te lump ; 
on the other side almost nothing. The lump was f oimd to consist of 
testicular tubules with loose glandular oells on its walls. 

The extent to which the change has taken place is beat shown by 
comparison of individual feathers from identical r^ons — one before 
and one after t^ new feathers (taken out two years later) have come 
in (plate 7). The contrast between the old and new feathers of the 
hackle, saddle, back, and wing-bow are the most striking. In all of 
these the new feathers have become red on the exposed porti(m and the 
mai^ is &ee from barbules, as in the cock bird. The increase in size 
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and change in shape of these feathera is rranarkable. Equally great 
is the change in the tail-covola that gnule into thoee of the saddle 
at the base, llie two median coverts or sickle feathers are longer than 
the tail and much arched. They are jet black with a purplish iridee- 
cence and with a yellow-red shaft. The tail itself has also changed; 
it has lost its stippling, and has become black like the coverts. The 
increase in lei^stli of the tail feathers is as remarkable as the increase 
in length of the coverts. A detailed account of tbeee changes follows : 



CASTRATK 
1. lltefwUMnftraeiitireljrad. 



2. The hkokle feftthen are entiidy red. 

3. Fwtheo* of butk an red except for bUok 

at boM. BaibnlM abacot at cod 
and tide. Tip pointed. 

1. The taddle featbna are red with himik 
baae. Th«7 are long and pointed. 

S. The eovcrti are Uue-blaok, with brown 
shaft. Thejr are hiag, pointed, 
andonrved. 

e. The tail featben are black, not staled, 
and have a blat^ abaft. 

7. The win|-bow featbu* an red with 

black baae. 

8. Over the crop the featboa are orange- 

twown ; OD the bfflMt they have the 
■une eolor and a raoall blade tip. 



1, Tlu head feathera are jreQow with blaek 

base that liiowt through on the 

bead. 
3: niebBeUafeatlxn are yeQow with Uadc 

baae (ahowing throu^ on oeA). 
9. lite red feathers of the back are penc^ed. 

There ia a blatft band, eqieciaQr 

around tip just inaide of tlie 

4. The saddle feathen aie mooh like those 
<rf the bac^ mneb stippled in ocn- 
ter. "ntB border ia more distinct. 

6. Hm tail oorerts are similar to thoee of 

the hen. 

0. Hm tail feathera are blaek, and with 
exeeptKHt erf tiw lowtf feathen they 
ai« partly stif^iled. 

7. Hm wing^Knr feathen an penciled like 

those of the baek. 

8. Feathera on eiop yellow with blac^ qxit 

at tip; those lower down oa bnaat 
have a bigger qxit. 

The Fi bird from which the colored drawing (plate 2) was made 
and from which the normal Fi feathers were pulled was lent to Dr. 
Goodale in the summer of 1917. The bird died in April 1918, and his 
skin was sent to me. He also bad begun to change over to cock- 
feathering (plate 9, figures 2, 2a). Goodale recorded that the 
testis had dwindled to small bodies only about 10 by 5 mm. This 
accounts for the change to cock-feathering. For ccnnpariBon I have 
added a third set of feathers to the two former sets, showing the new 
hackle, back, saddle, wing, and bow feathers of this bird, llie feathers 
diow that the change ia in the same direction as that shown by the 
castrated cock, but it has not gone so far in the direction of cock- 
feathering, liie tail is still short and the feathers are black. The 
sickle feathers are not longer than the tail and are stippled. It is 
probable that this ia the old tail whoee feathers have not been molted 
since the testis dwindled. In fact, elsewhere the old and the new 
feathers are both present, showing that a complete molt had not taken 
place. The old feathers still present are practically like those of the 
ori^nal Fi bird, showing that the change was of recent date, and diw - 
to the decrease in the testis which was int)bably caused by disease. 
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CASTRATION OF F. HEN-FEAT>CRED MALES. 

The Fj hen-feathered males from this crose could not be utilized until 
they had b^un to assume the adult plumage, since before that time 
th^ were like the cock-feathered Ft males. Consequently, the opera- 
tion is more difficult and more dangerous to the bird. A good many 
birds have died in consequence of the operation, but enough successful 
operations (five) were made to show what the color of certain types of 
hen-feathered bird would be when changed to cock-feathering. 

A hen-frnthered male (No. 292) that was darker than the Fi male — 
in fact, almost black, except for a yellow center in some of the dorsal 
feathers that were mossy or penciled — was castrated. The details 
of characteristic feathers may be gathered from the feathers in plate 7, 
figure 2. A oorreeponding set of the new feathers after castration, 2a, 
are paired with the former. The castrated male in his new plumage 
is shown in plate 2, figure 3. His dorsal surface is colored very much 
as is the same i^on in the Fi bird, but the breast is very much 
darker, so that the bird as a whole presents a very difforent appearance 
from the Fi castrated male. A vesry small white mass was found 
when the bird was killed in place of the old testis, composed, in sec- 
tions, of a reticulated mass of cells that look like old broken-down 
foUicles oi testicular tubules with a few cell-layers lining the tubules. 

An Fi male (68) also had dark feathers (plate 3, figure 2, and plate 
9, figure 1). The castrated male in his new plumage is represented in 
plate 3, figure 3. Here again the upper surface is much like that of the 
last castrate, and also like that of the F^ castrate, llie breast has 
changed much less than the back; the centers of the feather are brown 
with a black margin and a black band at the tip. The exposed 
portion of the secondaries and the coverts are not so brown as in the 
last bird. The spurs of this bird were bent back, looking like the 
horns of a ram. When kiUed and examined, several small white pieces, 
that looked like pieces of testes, were found in the abdominal cavity 
near the old attachment of the testis. A histological study showed that 
these pieces contained tubular tissue apparently testicular, but with- 
out germ-cells. 

Another Fi male (Band No. 221) was yellow in general color, the 
feathers being irregularly penciled. AStei castration (plate 3, figure 4) 
the bird became red above and deep brown below; the tall and 
coverts were black. 

A pale-yellow hen-feathered Mrd (No. 218) was also castrated. 
Here also the change was most conspicuous over the upper surface, 
not only in a greater depth of color than elsewhere, but in the shape, 
etc., of the featho^. On the breast the original ydlow color remains, 
but is slightly deepened. When killed and opened (May 14, 1919), 
a few small, whitish pieces were found. When these were sectioned it 
was seen that they were made up, for the most part, of tubules look- 
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ing like thoee ot the epididymuB and also a few testicular tabulea. 
At the old situB there were some regeaierated lumps, which in sectkMis 
appeared to be looBe glandular tiesue. No germ-cells were i»rMUit and 
the tissue just refored to may be tAd testicular tubules. 

HEWITTS SEBRIGHT HEN THAT BECAME COCK-FEATHERED 
IN OLD AGE. 

Darwin records in Chapter XIII of Animals and Plants wader 
Domestication a <diaiiee that took place in an old female Sebri^t : 

" Mr. Hewitt poeeened an excellent Sebrij^t gold-Uce bantam bm, which, 
as she became old, grew diseased in her ovaria titd assumed male charaeterB. 
In this breed the males resemble the femaleB in aU respects except in th^ 
combe, wattles, spurs, sod instincts; hence it mi^t have been ej^iected Uiat 
the diseased h«i would have assumed only tfaoee masculine cbaraoters which 
are proiier to the breed, but she acquired, in addition, well-arched tail aickle- 
feathers quite a foot in length, saddle-featheis tm the toina, and hackles on the 
neck — ornaments which, as Mr. Hewitt remarics, would be held to be abomi* 
nable in Hob breed." 

This is the only record I know of showing the change that takes 
place in the Sebright hen when the influence of her ovary is removed. 
There can be no doubt from the above description that she changee in 
the same way as does the castrated Sebright male. 

Concerning the origin of the Sebri^t bantam Darwin states Uiat 
the race "oripnated about the year 1800 from a cross between a com- 
mon bantam and a Polish fowl, recrossed by a hen-t^ed bantam, and 
carefully selected; hence there can hardly be a doubt that the sickle 
feathers and hackles which appeared in the old hen were derived from 
the Polish fowl en- common bantam; and we thus see that not only 
certain masculine characters proper to the Sebright bantam, but othw 
masculine characters derived from the first progenitors of the breed, 
removed by a period of about 60 years, were lying latent in this hen 
bird ready to be evolved as soon as her ovaria became diseased." 
To-day the iHt>blem appears to us in a somewhat different light, since 
the secondary sexual characters referred to by Darwin have mmp^ 
been kept imder for more than a hundred years by the secretion pro- 
duced in the ovary of the hen (as in all breeds) and in the testis of the 
male Sebright. 

HEREDITY OF HEN-FEATHERINC 

In 1913 I found that hen-feathmng as seen in the Sebright is a 
dcnninant non-sex-linked charact^. A preliminary statement was 
l^ven in the first edition of my book <m Heredity and Sex (1913), 
which treated the character as a recessive one. This was a mistake 
due to a male having been obtained that was like the game race, 
which subsequent work showed must have been due to a sperm hav- 
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ing been retained in tiie oviduct of the female during her isoUtion 
period. In the Bec<nid edition published a few months later the mis- 
take, having been found out, was corrected. 

If one dominant suffices to produce hen-4eathering, the F| ratio 
would be 3 hen-feathered to 1 cock-feathered bird. The numbers 
found were 31 to 28. This realized ratio departs too far from a 3: 1 
ratio to make it probable that the results are due to a angle factor. 

The F) expectation for two dominants, both neceesarily present to 
produce hen-feathering, is 9 hen-feathered to 7 cock-feaUiered birds. 
If the dominant factors are represented by H and H' and their wild- 
type (receniTe) allelomcnphB by h and h', the e:q>ected Fi recombina- 
tions are given in the following table: 





HH' 


Hh' 


hH' 


hh 


HH'.... 

Hh' 

hH'.... 
bh 


[ HH' 

Ihh' 


Hh' 
HH' 


hH* 
HH' 


hh 
HH' 


f HH' 
1 Hh- 


Hh' 
Hh' 


hH' 
Hh' 


hh 
Hh' 


f HH' 
1 hH' 


Hh' 
hH' 


hH' 
hH' 


hh 
hH' 


/ HH' 


Hh' 
hh 


bH' 
hh 


hh 
hh 



There are 9 classes containing both H and H', 6 containing one or 
the other, and one containing neither H nor H'. The realized numbers, 
31 to 28, are in close approximation to 9 : 7. 

In classifying the Fi hen-feathered males, an attempt was made to 
divide them into two classes, viz, type 1, hen-feathered to the same 
extent as the Sebright, and type 2, intermediate between hen and cock 
feaUiaring. The line between intermediate and cock-feathering is 
sharp, all the intermediates belon^ng distinctly to the hen-feathered 
group, but the line between the two subdivisions of hen-feathered 
birds is not sharp, and occasionally a bird is found that is difficult to 
place. These statemraits hold also for ^bte Fi birds, whose skins I now 
have. Five of these are classified as Intermediates and one as com- 
pletdy hen^eathered. The difference between these two classes, then, 
is environmental or due to othw modifying genetic factors, for which 
ather the Sebright or the game is not pure. Under these circumstances 
it would not be profitable to attempt to find out (without additional 
evidence) what genetic differences, if any, lie behind the hen-feath- 
ered and intermediate-feathered birds in the Fj classes. 

Concerning the back-croea (Fi by game) the expectation, for one 
dtoninant factor-difference, is 1 hen-feathered to 1 cock-feathered 
male. There were obtained 2 hen-feathered (intermediates) to 7 eock- 
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feathered birds. The numberB are too Bmall to be dgnificant, taken by 
themselves. The expectation tor 2 dominants, both essential to hen- 
feathering, is 1 to 3, and this is in agreement with 2 to 7 as found. 
It seems, then, more probable from the evidence of the Ft and of the 
back-crofiB combined that there are two dominant factors present in 
the Sebright that make the male hen-fathered, and nnce the race 
breeds true to hen-feathering, both factors must be present in homo- 
zygous condition unless an undetected lethal destroys bcodb of the 
clasaee.^ 



OoLD Mu« X Bn,ru Fnuu 

I (nodant of g-ngi"*! 

(Bclcun imported Ijrp* dmIm Urn 7 

frou BniMflii) sMunktiMW In toy 



BajTEM Maim 



Gold FtatAiM 



6a.y*M Cbow-Bkbb X Oou> Cmw-Bbbd 

MAI.B I FBNUiB 

(offspring o( A) (offvrinc of A) 



bLTX> Ckom-Bbbi 
(Oflip(iii« (tf C) 



8U.TXB Ckow-Bbm 
(Offiprinc of O 



imvet 2 Gold 
Main MbIm 

CBfllsian (B«tgimti 



sairor 6 Gold 



a ISaim (oflipBing of C) 



Goi4> VmtAiM (pun) 



SiLTas Mui (oltiisiiic of O 



SilTvFaaulM 



Smith and Haig have reported the following curious case of hen- 
feathering. Smith had a breed of White Leghorns with cocks of two 
classes — those that assumed cock pliimage at 6 months and those 
that are like the hens for 8 months, after which they slowly assumed 
the cock-feathering. The difference is hereditary and appears to 
s%re«ate. Poesibly this breed had one factor at least for hen-feathering 
that is effective for young birds, but not for older ones, or some of the 
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birds pass through a stage when thejr produce an internal secretion 
that disappears later. But it is also possible, and perhaps more 
probable, that the young birds, not cock-feathered, have remained 
Icmger in the juvenile stage than the others, so that th^ m^t be said 
to be falsely hen-feathered. 

The results published by the Rev. E. Lewis Jones in 1914, describing 
crosses between two breeds of Campinee, one called Bel^an (which 
has hen-feathered males), the other English (that has cock-feathered 
males), are summarized in the table on page 16. They ^ow the domi- 
nance of hen-feathering with some probability. The table ff.v&n there 
is the original, to which the author has kindly added the nimibers here 
prefixed to some of the classes. The numbers are not large enough in 
all cases to be satisfactory, but the dominance of the hen-feathoing 
is, I think, apparent, as well as its non-sex-linked transmission. The 
gdden fem^e in C must have been English type, or at any rate hetero- 
lygous for Enj^ish-type featiiering, for if Bel^an het sons would have 
been Belgian type. 

Piumett and Bailey (1914) have published the result of a cross wiUi 
hen-feathered Silver Sebri^ts and Hambuigs. Hie dominance of 
hen-feathmng in the male is shown in the figures that illustrate th^ 
p^>er, but as the paper deals a(Ae\y with the inheritance of wei^t the 
account of inheritance of hen-feathering was deferred to a later paper, 
t^t has not yet appeared. 

HEREDITY OF COLOR IN THE CROSS BETWEEN SEBRIGHT AND 
BLACK-BREASTED GAME BANTAM. 

The cross between the Sebright and the Black-Breasted Game 
bantam was undertaken primarily to study the inheritance of hen- 
feathering. Ilie Sebright was chosen, on the one hand, because this 
race is pure for hen-feathering, whereas In other races, such as the 
Campines, both kinds of males are known. The hen-feath^^ birds 
of such races are, I believe, frequently not pure for hen-feathering. The 
game race was chosen because the cock has the typical plumage of the 
wild bird, QnUue bat^va, and although his feathers are remarkably 
i^ort, they show the characteristic cock-feathered type. 

Only secondarily was the experiment concerned with color inheri- 
tance. The two breeds differ so markedly in coloration and pattern 
that the very complex results that appeared in Ft were to be expected. 
In addition to the differences inv<dving hen-feathering versus cock- 
feathering, and Sebright plumage versus game plimiage, the game is 
Btrot^y (timorphie in the plumage, while in the Sebright the colora- 
tion of the two sexes is closely similar. But the castration experiments 
have shown that this diff««nce is the result of hen-feathering in the 
Sebright cock, and that the race carries the same potential dimorphism 
as do other races of poultry. 
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The game cock is Bhown in plate 1, figure 1, and plate 4, figure 1. 
The vattlee and comb had been removed from the bird. The yellow- 
red back and saddle are to be noted. The upper tail coverts and nckle 
feathers are black, as is the taiL These parts are shorter in the game 
than in other races, being one of the points selected for. The dorso* 
anterior edge of the wing is black, this color meeting across the middle 
c^ the back. Below this black area comes the red wing bow, followed 
by a double row of blue-black feathers. The exposed portions of the 
secondaries are brown, of the primaries black with green margin. The 
breast and entire lower surface is black. The legs are greenish, t^ 
bill black and yellow, the iris yellow. 

The ben of the Black-Breasted game (plate 1, figure 2) is li^t 
jndlowish-brown. The back, saddle, and wing coverts are golden 
brown, finely penciled with darker brown or black. The hackle iB 
penciled; it has a yellow bordea' (without barbulee) ; the back is uuxe 
brown, the forepart of the breast is salmon, the more posterior parts 
lighter salmon. The sides of the body under and bdow the wings are 
stippled gray. 

llie Sebright male is represented in plate 1, figure 3. Photographs 
ci the male and tJw female are given in plate 4 figures 3 and 4. Most 
of the feathers have a yellow center and a black border. Such feathers 
are said to be laced. The details of the different r^^ns are shown in 
the feather plates, 6 and 8. 

A. Th» Fi Bibds. 

The Fi birds were remarkably uniform. The sexual dimorphism 
is sl^t, as a comparison of the male and female in plate 4, figures 5, 6, 
will show. In the female the body feathers are penciled but very 
mossy, and this holds for the male too, except that in the hackle, back, 
and saddle, a change in color accompanie<) the change in shape, as seen 
in the individual feathers in the feather chart (plate 7, figure 1). If 
there are any sex-linked factors involved in the cross, we should expect 
different types of Fi hens in the direct cross and its reciprocal, because 
in one case the Fi hen gets her angle X chromosome from one father, 
and in the other case, the reciprocal cross, from the other. Unfortu- 
nately no careful comparison can now be made, because the crosses were 
carried out in different years and the changes due to age may have 
affected the color sufficiently to obscure such slight difference that may 
have existed. Buttheeffecteofsuchfactor8,if present, are very small, 
ance the birds seemed to be the same, regardless of the way in which 
the cross was made. In the Ft counts, although an attempt has been 
made to keep apart the birds obtained in the two crosses (t. e., the di- 
rect and the reciprocal crosses), it is voy doubtful if the two groups 
show any significant differences. 
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B. Dbscuftion or Fg Bisdb. 

All together there are 72 hens, 29 heD-feathered nuUea, and 26 cock- 
feathered malee, as shown in table 1 : 

TABia 1. 





F, from Srtri^t 9 br Oum &. 
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A. 8 fconales Uwt ara liko n; 7 oUmti MMmble tbem beknr, but hare Btanikd bwA kul 

rump leathoa (4 of then have yoUow neoka, and 3 blaiA ii«cka l&e those of Fi). 
Here, Umd, are two tx" three mbdirisionB, at pcriupe duud obwee. 

B. 1 female ia very close to game, haTiog the chanctenetie stippling abore and salmon 

tweast below. &ba is AaAxr oolned than the game females, therefore mMe like 
the Le^ran female. 

C. 3 Urds resemble the Selwi^ in idmaage, but wouU not pass muster fcr real Setrights. 

D. 3 oUten hare spangled bnast feathen like the Sciiright, but a great amount of stippling 

(mtbebaidc. 

S. 6 Urda are yellow on breast, with stippled baek. 

F. e othen Sfe yellow, sti^ded birds with a little yellow poieiling on the !»east. 

0. 11 black birds with M»ne stippling on the back of the wing, and sometimes with 
traces of yellow in the hackle. 

B. other birds are darit, but not as Wuk. as the last. Then ia some stapling, eqweially 
<» loeaet. The ha<&le is always striped. (4 oC these hare yellow neoks above 
and below; 3 have dark neeks.) Tbe series of feathers photographed in [date 1<^ 
figure 4, fran a bird of elaaB B, show all gradatiMn betweoi a ipaa^ed aod a 
barred ocmditioii. It is |»Mitioal|y certain that the bairing seen here iaa wdl as 
that undw class M) ia quite difFermt frMo that <A the Baned Plymouth Rook. 

/. 1 yellow hen with a little black (ai a band) oa win0i and tail. 

J. 2 other ydknr birds with a little blaok poidling m the badL, the tail, and with long 
wing feathers. 



K. 2 intamediate malee with a Ua^-qtlotdied red breast and Uack tail The Mddle is 
coarsely stippled. Tbe eorrespotiding mile feathered lurd is red above. 

£. A Sdmi^like bird with Uack stippled feathers on back; the rest of the plumsfo 
heavily laoed. Fwtecicr part Of breast and Uiigh blade. The tafl stipfjed. 
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if. Ydlow neok, the back, toil, sad lower half of Mob mnoadaxy oousely stippled. Poe- 
tericv part <rf bnMt baired; oape muI nntwior breast poieiled. The seriea of 
featheTB photognt^ied id ptete 10, figure 6, from the breast of a bird in oImb M, 
ahows alt poaeUtle gradatkMn from a poooiled to a baired ooBditton. 

0. 1 eook-feathered, Red-Breaated game with somewhat stippled feathers. The lower half 
of each secondary is petieiled (Hambmg type). 

P. 1 intwmediate male with yellow hackle that is blad: striped. He has a peculiar saddle, 
the general color of whieh ia reddish brown. Each featlm has a faint black edge, 
and ia clear yellow along sfaaft; the reet of the feather is finely dusted on a yellow 
baokgraund (plate 10, fig. 3). Breast featiMra (in front t«it} are laced with 
an outer black band edged wiUi yellow. In the posterior region erf the braaat the 
feaUiere are broadly laced. Wing-bow and coverts red, laced with block. The 
exposed edges of primaries and seooadaries are red-brown, the covered puts black, 
file tail is black. 

Back-Csohs Hkms. 
A. Two dark Fi types. The breast ia between atippled and penciled, the head is black. 
C. (1) ScA»i^t type. Very dark with much stipirihtg. Some penciling on back. Breast 
dark; neck like that of Sebright. 

(2) Sd»ight ^pe like (1), but not such clear yellow. Secondaries and tail feathen 

and coverts stippled (with black tipe}. 

(3) Yellow Sebright. Neck and breast yellow with black base and tip to feathers. 

Cape, breast, and wings (except bow) penciled to barred. 
C. to D. (1) Pale yellow, breast spangled, back lightly penciled, tail same. Secondaries 
yellow Bod little atippled. Upper web of primaries stippled. 

(2) Breast spangled, rest aa in (1). 

(3) Same as (2). 

L. Dark Sebright. Back-^eathera broadly laced and a little penciled. Neck black with 
yellow oenters to featheia and yellow edgea (reversed Sebright). 

All of the preceding hens except A are in general SebrightB. The 
last three are ptde stippled Sebr^ts. 

BACK-C>oee HnN-FXATBEKxn Cockb. 

A. One cock like Fi male, but rather paler on back. 

C. Four oocks. Light Sebrights, but spangled, in general, instead of laced. Feathers 

dear, not stipi^ed. 
0. OneUack. 

L. Dark Sebright. Back and rump black. Feathers with narrow center, not atippled. 
Q. Dark Sebright nearer to hen C (1). Thoroughly stip)ded with game tail. Neck and 

breast daric Sebright. Probably a new claaa nearer to (C). 

B. Two oocks. Pale yellow instead of reddish, and much less blade than are other yellows. 

No class of hens to match.' 

In regard to color inheritance the preceding 19 birds are too few 
to add anything of aignificance to the other results, except that they 
serve to emphasise the dominance of the factors TWftlring for Sebright 
coloration. The hen-feathered cocks confirm the other results as to 
the dominance of the factor or factors in question. 

There can be Kttle doubt tiiat some of these classee are complex. 
They almost merge into each other and in one part of the body individ- 

* There ia one oUter bird, not siveo in the above Utt. that is pure Sebright etoept that his lags 
are jiellov. Until I find out by further breeding of the Sebrijlit stock whether yelloir lega are 
pnaant in it, tUi oaaa muit remaip doubtful. On the baas of a two laotOT oolor-diffwenee one 
Setoi^t (as to oolor) ia m^peotad in 10 birds, and one in 64 on a three factor bs^s. Borne 
Bebrighta had ben raised ^ong with the back aoea. hwwe the poadbUity at oontamlnation. 
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ualfl may grade off into one cIasb, in other parte into other claasee. 
An almost continuous Beries of types inight be arrai^^ from black 
to pale y^ow. 

The difiSculty of matching the hen-feathered males to their genetic 
mates is almost insuperable. In table 1 an attempt was made to put 
theae males with their respective females. The difficulty is, of course, 
greater for the cock-feathered birds, even with the castration evidence 
(that is too meager at present for the piupose), but a few of the males 
may be placed with outainty, and the rest guessed at. 

One bird appears to be a hen-feathered game male resembling in 
many respects the female game, but darker and redder. There is mrae 
shafting on cape and wing-bow. The breast is unusually dark-salmon. 
The hackle is darker than is the game female. Uppw wing-coverts 
broadly laced with black. (Plate 10, fig. 3.) 

The occurrence of this hen-feathered jungle-fowl is so imique and 
the coloration of the bird so interesting that I have added to the plates 
three feathers of such a bird, viz., a stippled saddle feather, a feather 
from the back, a hackle feather, and a wing covert with stippled center 
and a black border. Tbe neck hackle departs somewluit from the 
hackle of the jungle-fowl hen, but in the same direction as does the 
neck hackle of the Sebright cock from his hen. 

Looking over the Fj group, the most noticeable thing is the large 
number of blacks (E and G), all of which are stippled. Probably the 
factor came from the game, because group E was present in the back- 
cross as well as in Ft, and because these black birds are always stippled . 
TheyelIowcolor(IandJ)mayhave come from both, each breed having 
then a black factor that, as a pattern, covers over most of the yellow. 
It is difficult to distinguish penciling from stippling in the Ft yellows. 
Without figuring each of these types, their description in detail is not of 
much value. The skins will be depodted for reference in the Zoolo^cal 
Laboratory of Columbia University. 

C. Back-Cross of Fi to Game. 

As the back-cross of the Fi to the game m^t appear more likely to 
reveal the kinds of germ-cdls present in the individual, the results 
from such a cross may be given before diseussiog the genetic data. If 
it were certain that the "game" contained all of the recessive factors 
that are involved in the experiment, this method of testing the result 
would be ideal, but there is no way of determining a priori whether 
this is the case. The question wUl be taken up later. The pre- 
sence of two kinds of males with corresponding but largely uneor- 
related differences in their pliunage makes their classification as a 
group impossible. It is simpler, therefore, to put the females into their 
classes first, after which the hen-feathered males may be expected to 
fall into the same groups (or nearly so), while the identity of the eock- 
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feathered males, i, e., their class relationship can only be detamined 
for ihe classes that resemble the Fi and the Pi birds. The Ft hen- 
feathered males can in part be further identified by means (^ the 
evidence that castration of these types affords. 

TVo of the F| classes of hens can be identified in this back-cross, 
vix, (a) 4 hena like the F^ birds, (6) 3 hens like the game; (c) there were 
8 other hens with plain yellow, i. e., not stippled backs. The upper 
surface was like that of the game female, but much lighter. The first 
two classes (a), (b) might be again split into two types. Hiere were 
only two hm-feathered males, one nearly like the Fi male, the other 
Uackcr; they probably belong to different classes. 

Of the 7 cock-feathered males, one was like the Fi etutrated males; 
anothtf had a similar back, but a darker and differently marked 
breast; 2 were game-cock type; 3 were odd birds much like the game 
eoek above except for absence of black, with reddish heads without any 
black. The mates may be approximately clasmfied as follows: 
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Four OT five types may then be recognized in this rough grouping. 
None of the groups seem uniform and probably might be split again. 

D. Tbb NnHBXB or Colob Factors Intoltxd. 

The theoretical expectation for two pairs of fiictors calls for 4 classes 
in the back-cross, but this assumes that the parent type used for back- 
crossing contains all (here 2) receedvee. But tiiis simple assumption 
can not be true in tMs case, for the Fi bird would have been like the 
Sebright. On the 3-factor assumption the expectation for the back- 
<»ties is 8 classes, but this would apply only if the game were the triple- 
recessive form, which, i^;ain, it is not, as shown by the F, cross. But if 
the dominance of one or more of the Sebright color factors is incomplete, 
then either a 2 or 3 factor assumption might apply to the back-cross. 

If only 2 pairs of factors are present we should expect to recover the 
game t^>e once in 16 cases in Fj. But, as will be shown, only 1 game 
was recovered out of the 49 Fi females. This result fits better with a 
3-factor assumption, for even with the small ntmiber in the bad£-cross 
tiie indications are that more than 4 classes are present. 
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In the Fi birds at least 11 claaBes may be distinguished, and some 
of these appear eompoeite. For 3 factors the T¥)tLTifni>Tn number of 
poedble classes (includii^ het^oBj^tee) is 27. We can recc^nize at 
least 11 Fi classes amoi^rt the femalee alone, and a few others are 
doubtfully present in the males. 

In favor oS the view that the hetero^gous elasses are hoK different 
from the homosygous, the following evidence may be utiliced: 

(1) The F] birds are entirely different from ^ther parent and thcry 
are heterozygous for all the factor differences between the two types. 
The only alternative explanation for the intennediate condition of Ft 
would be that each race carrier one or more completely dominant 
factors. But the latter view is improbable because mrae of each parent 
type would then be expected in the F^ generation, 

(2) In the F^ generation the Fi type is not as frequent as would be 
expected on the view that the heterozygotes could not be distinguished. 

E. BACK'CBoes or Fi 9 TO Sebbiqbt <f. 

It is possible to add, now, while this paper is passing through the press 
(Jime 1919), the results of a back-cross of 4 Fi females to a Sebright 
male carried out during the summer of 1918. The birds being now 
mature their permanent colors are evident. Making the back-cross 
in this direction is much less advantageous than the reciprocal de- 
scribed above, because the Sebright contains most of the dominant 
color factors. The group of birds obtained appeared to be less varia- 
ble in color than those from the other back-cross, and one can see at a 
l^lanoe that more of them approach the Sebright type; some quite 
cloaely. 

All of the males are hen feathered, as expected. No evid^ioe was 
found that two types of males exist, which would have been expected 
if the two types noted in Fi had any hereditary significance. If, then, 
as the F| rcsiilts suggest, two factors for hen-featherit^ are present 
both are dominant, and no genetic distinction is found between in- 
dividuals in which one or both of the dominaut factors are duplex 
or simplex. 

There wrae 9 adult hens and 10 hen-feathered cocks. An attempt 
is made below to refer them to their corresponding Fj classes. 
F. Revibw of the HaBBDrrr or tsz Colob of thb Plukaoi or 

PODLTET. 

In poultry there are perhaps moK different colors and color-patterns 
than in any other species of domesticated animals. The genetic work 
has advanced far enough to show that many of the differences depend 
on Mendeliao factors. It is probable that, in addition to the main 
factors, there are many contributory, minor, or modifying factors that 
^ve the finer details to "show birds." 
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It is generally eupposed that the wild bird from which some at least 
of the domesticated races have come is GaUus bankiva of India and 
Indo-China, or else one or another of its subspecies. In any case, 
the wild type of coloration is approximatdy Icnovn, since the known 
wild races are colored alike in all essential respects. Even were the 
color of the wild type not known, the ohgkial plumage could be 
deduced with some degree of probability from the atavism tiiat 
appears when some of the racee are hybridized. It is interesting to find 
that many of the new plumage characters are dominant to the wild 
type. The same relation also holds rather generally lor other characters 
Gtf poultry, such as the comb, etc. 

Amongst the unifcmn or single-colored races, the whites, blacks, 
reds, and buffs have been studied. Bateson and Punnett were the first 
to show that the white of the White L^hom is dominant. They also 
showed that the white of the White Rose Comb bantams is recesnve. 
Another white, that of the White Silky, is also recessive, but due to a 
different factor from the white factor of the Rose Comb bantams; for, 
when these two whites are bred ti^ether they give colored birds in the 
first generation. Hurst showed later that the white (^ the Leghorn 
is dominant over the black of the Hamburg and the buff of the Cochin. 
The dominance is often not complete, since tints of Uack or of buff or 
even patches of these colors may occur. The latter may be confined 
to the head, neck, and breast. The black plumage of the Hunburg is 
dominant over the buff of the Cochins, but incompletely so, as the 
black backgroimd may be marked and shaded with brown. Whether 
we are dealing here with one pair of factors, or two pairs, could only 
bedeterminedby an Fi ratio; whether it is 3: 1 or 9: 3:3: 1. 

The blue color of the And^usian is known not to be a edmple color, 
but to be a fine mosaic of splashed white and black. The color is 
produced in birds that are heterozygous for splashed white and black, 
ar at least for certain kinds of white and black. This relation was first 
demonstrated by Bateson and Punnett (1902 and 1905) and later 
Saunders (1906). It appears also from certain crosses made by Daven- 
port that some of the whites (such as that of the Leghorn) and black 
(such as that of the Minorca) may at times also give some blue birds 
when crossed. Whether there are also oUier races with dominant 
white color different from that of the Andalusian white (and the same 
holds for black races also) or whether a special (recessive) white was 
present in this cross when the blue appeared, was not made out by 
Davenport. 

Lippincott has recently studied the Andalusian cross and obtained 
eesentially the same results as his predecessors. He calls attention to 
an interesting fact in the splashed whites, namely, that the color 
splashes are blue when thay are found in those parts of the body where 
iite colcH' is blue in the Andalusian. Although the Andaluman is always 
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qwken of as a bltie bird, the hen only is entirely blue, while the male is 
black above and blue below. The splashes on a white male correspond 
to the black and blue of the Andalusian male, and are black if above 
and blue if below. 

Lippincott found also that the blue birds differ from the black in two 
chanicteristics, viz, in the blues the pigment is in larger masses, i. e., 
it is more clumped, leaving more white between the clumps than in 
the blacks, and in the bluee the pigment is absent in the extremities 
of the barbules. If the dumping and the condition of the barbules are 
treated as separate entities, each gives a 3 : 1 ratio. lippincott con- 
cludes, therefore, that the Andalusian croBs is a 2-factor case. If each 
of these characteristics was independent of the other in the sense that 
some birds had clumped pigment and others deficiencies in the barbules, 
then one might conclude that he was dealing with a 2-factor case; but 
if these two characters are only different aspects of the same gene, and 
when one is present the other is also, the situation is not different from 
those that are veay common, vis, two or more effects produced by the 
same genetic factor. 

Davenport has recorded results of crossing several breeds of different 
colors (1906 and 1909). The white of the Leghorn was found dominant 
to the black of the Minorca breed, although the hybrids, "at least the 
females," had some black feathers. This white was also found to be 
domioant to the mottled Houdan and to the "Red-backed game." 
On the other hand, a male Tosa with wild-type plumage by receesive 
White Cochin female gave "barred" males in Fi; the barring coming 
in, no doubt, from the Cochin and although not at the time recognized 
by Davenport as sex-linked inheritance, the statement that barring 
is "associated with maleness" (as already pointed out by Darwin) 
indicated that the barrii^ that appeared witlun the cross was probably 
the sex-linked barring shown by other breeds. 

In Davenport's cross of White L^horn by Minorca two blues 
appeared (as stated above), indicating that the same factors were 
here present that in the Andulusian white and black strain gives the 
same result,' but why only some of the Ft appeu* as blue, while others 
are not blue, is not yet made clear, unless two factraB for white were 
present. White of the Leghorn breed was found not to be as com- 
pletely dominant over buff as over black. Black was foimd dominant 
over the wild-type (Black-Breasted game), but red is present in Fi 
birds also to some extent in those places where red is found in the game. 
Lftoing, as shown by the Dark Brahma, is dominant to the plumage 
of the Tosa. Penciling also is said to be dominant, as shown in females 
of the cross between the Dark Brahma and Tosa fowl. 

In his later paper (1909) Davenport gives fuller information in 
regard to some of the Fi cases reported in his first paper, as well as the 

* TtayHtd Uut the blue doecifioatiDD mabsMd on tbe adult plumaBB and not on down eolot. 
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Fi results. TIiub, in the eross of SSSky to Minorca, that g^vee black 
Fi Mrds, the F| count gave 210 black, 57 game, and 95 white — approxi- 
mately the e^wctation for two purs of factors, one oi them giving 
white (9:3:4). Silky by White Leghorn gave white Fi's, but the males 
developed red on the wing bow and saddle when they became mature, 
and the female a faint blush of sahnon ("red") on the breast. In Ft 
there were whites, gsniee, and blacks, approximating to expectation for 
three purs of factors, one being a dominant white (52: 9: 3). Silky 
by Buff Cochin gave a wsshed-out b\iff , but with the jungle coloratatHi 
partly developed in the tail (black) and hackles and wing bow (redder 
buff). Davenport represents the Buff Cochin as havii^ lost the jun^e 
patterns and coloratdon, while the Silky retains it. The beteroqrgouB 
Cfmditicoi of the genes for the wild-type color in Fi is made i«ponsible 
for the part development of oolor. The White ffilky is represented as 
carrying-the factor for black (N), hence in Ft both black and game- 
colored birds are expected and they were obtained. When Black 
Cochin is crossed to Buff Cochin, the Fi males are in general like the 
game (black and red) while the females are black (except ior some red 
on the haekle) . In this case Davenpcat represents the Black Cochin as 
showing a factor for jungle-fo^ pattern, but lacking the coIch* that is 
assumed in his other formuhe to go with this pattern. What is meant 
by this change is not quite clear to me, unless Davenport supposes there 
Is an independent factor for the jun^e-fowl pattern which ntay be 
filled in by other colors determined by other factors. But were ^ere 
enough Fi birds to exclude the possibUity that jun^e-fowl birds would 
not appear in this cross? 

Davenp<nt has reported a eross between a female White Cochin and 
a male Tosa (wild type) from which the daughters were Tosa, except 
that the sh^ting was broadened, and the saddle feathers and proximal 
secondaries were obscurely barred (black and buff) ; the sons were also 
like the Tosa, but every feather was repeatedly barred (see above). 
In F| there were 15 white, 25 game, and 16 barred birds. Davenport 
concludes that "barring is clearly heterosygous and confined to the 
male sex," and Id a footnote he adds that the sex-linked barring factor 
of the Plymouth Rock is different from that of this Cochin-Tosa cross, 
but Goodale informs me that the barring that appeared in this cross 
is probably the same as that in Barred Rocks. 

As pointed out, an interesting feature of color inheritance in poultry 
is the large munber of cases of sex-linked inheritance. It m^t seem 
probable here, as in the case of DrotophUa, that this is due to a wdl- 
Mcograzed difference between sex-liijced and autosomal characters, 
namely, that a receedve mutation in one of the sex chromosomes of a 
sperm-cell of the male bird will have a chance of showing its effect 
immediately if that sperm-cell unites with an egf^ without a Z to form 
a daughter, whereas it would not immediately show up In the offspring 
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a the mutaticHD were autonmial.' In consequence t}w recessive mutant 
would have a greatco' chance of being obaerved and selected if it 
^jpeared in a seac chromosome. But dominant sex-linked characters, 
however, have the same chance aa dtnninant autosomal ones and the 
question turns then^ore on the kinds of characters shown in the cross. 

The first indication <rf sex-linkage in fowls was fumisbed by evidence 
that Spillman published in 1903 on information supplied by poultry- 
men — information that has been proven subsequently to have been 
accurate. Spillman pointed out clearly the similarity between the 
facts he quoted and the then known cases of sex-linkage in the camu? 
and in the currant moth. The case referred to by Spillman was a cross 
between Barred Plymouth Rock and Black TAngptiaTi Goodale and 
I repeated the cross, using both Plymouth Hock and American Dom- 
inquee, publishing the results in 1912. In addition to the Fi results 
evidence was obtained for the F| generation. The theory was abo 
tested by back-crossing. The results of such a cross that are typical 
for all cases of the sort are briefly as follows : Plymouth Rock cock by 
TAngahan hen gives Fi barred sons and barred daughters. These 
inbred ^ve ¥» barred cocks and barred and black hens (2:1:1). 

In the following schemes the sex chromosomes are represented by Z 
and W, while the exponents stand for the factors involved, viz, B for 
barred and b for not-baired, which here means a black bird. 



zV T-zl- zV 2V 

Onnedo Ikmdo Dnrodg Btadcg 

In the reciprocal cross, a black cock was mated to a barred hen. 
The sons were barred, the daughters black (Fi). These inbred gave 
(Fi) barred males and females, black males and females in the ratio 
of 1 :1 :1 :1. The chromosome scheme of inheritance is as follows: 



, 2^ ZV/ 

zV" z!^ ZV 2?V/ 

Ben«i(f Oxki fjorrad^ Olickg 



> U Uw iiiiMBriiii mntatioa oeoon Bnt In tha Z ehromoaMM of an sq of tlM fanala It will not 
VPCM In th* naot ftBcmlioni then If it baa pMwd into a male, half hia dan^tafi will abow It. 
The dai^ faotor^wir iuTotrad u eanled by tha mz idiiomoaomM Z Z. 
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One back-crosB teat ccpnsista in mating the Fi baired malee Z"^ 
(from both croases) to a pure black female. The expectation is fw 
equal numbers of barred and black mates and females, and the leeult 
was realized. The Fi barred hen of the first cross (Z'W) back-crossed 
to a black cock is expected to ^ve only barred males and black females, 
and this result also was obtained. The explanation of the last cross, 
baaed on the sex chromosomes, is as follows: 



Z°2' ^^ ZV 

BrnTsdc? BbX9 

Before these experiments were finished Goodale had made other 
crosses involving the barring factor, and bad obtained results that 
showed the sex-linked inheritance of this facttn- (1909). For example, 
he crossed Buff Rock male (not barred) to white Plymouth Rock 
females. The sons were barred and the daughters not barred. The re- 
ciprocal cross gave barred sons and dau^ters. A White Rock male 
(carrying barring) mated to a Brown Leghorn female gave barred sons 
and daughters. Reciprocally, the chicks were of two kinds as to their 
down, viz, black chicks and chicks with the down pattern of the barred 
rock. All these results with Barred Plymouth Rocks show that they 
carry a sex-linked dominant factor for barrii^. Its wild-type allelo- 
morph woiild be game-color (jungle-fowl), but since, when the dominant 
barring is absent in some of the individuals in these crosses, they are 
black, it would seem to follow that another dominant factor, one for 
black, that is not sex-linked, is also present. 

Pearl and Surface have also carried out crosses with Plymouth 
Rocks on a much lai^er scale. Their results conformed in every way 
to the foregoing. They crossed Barred Plymouth Rocks and Cornish 
Indian games. The plumage of the male of the latter race ia black 
with dark red on the back and wing-bows; the females are also black 
laced with mahogany ground-color on back, breast, wing, and tail 
coverts. When the male game is mated to the barred hen the sons are 
barred and the daughters are black. In the reciprocal cross both sons 
and daughters are barred. The back-cross tests conformed to expectar 
tion. The results were the same as those already stated above for the 
Langshan-Rock cross. 

Stiu*tevant crossed Columbian Wyandottes and Brown Leghorns. 
The Fi sons were alike, whichever way the cross was made. They were 
fairiy typic^ Wyandottes, which race carries therefore more of the 
dominant plumage characters (two or three?), lliere were two types 
of daught^ depending on the direction in which the cross was made. 
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When the father is Wyandotte, the daughters are like him (except for 
stippling of the Leghorn type). When the father is Brown leghorn 
the daughters are somewhat stippled red birds. In the former case 
the daughters getting their Z chromosome from th^ Wyandotte 
father resemble him; in the latter case the daughters getting their Z 
chromosome from their Leghorn father look more like him. Their 
foihire to look exactly like him must be due to autosomal factors 
doived from the Wyandotte mother that dominate other autosomal 
&ctoi8 from the father. 

Hagedoom crossed Black Breasted Game bantams (like those used 
in my Sebright crosses) to Brown-Breasted bantams. In the latter 
the black breast feathers of the male are bordered by lemon; the hens 
are nearly black. Black-breasted male to "brown-red" female gave 
both black'breasted sons and daughters. In the reciprocal cross all 
the sons were black-breasted (like the mother) and all the daughters 
were brown red like the father. Evidently the factor here for Brown 
Breasted game is sex-linked and recessive. In this case the new 
mulant sex-linked character is reoesmve to the wild type. 

Davenport (1912) crossed Brown L^homs to Dark Brahmas. In 
the cross and its reciprocal all the sons are alike. Two dominuit sex- 
linked factors were found,' viz, the white background characteristic of 
the Dark Brahmas and the red upper wing-coverts (and back) charac- 
teristic of the Brown Leghorns. On the otiier hand, the daughters 
differ in the two crosses, in each case resembling their father in thor 
hackle color. 

When two sex-linked characters are involved in a cross it is possible 
to determine by suitable matings whether an interchange between the 
chromosomes that bear them has taken place. In the case of the sex 
chromosomes only one sex, the male, has both like chromosomes, viz, 
ZZ, and we expect from analogy with the DrosopkHa work that 
crossing-over would be found between the sex chromosomes only in 
the male. Goodale has recently (1917) made the important discovery 
tiiat in poidtry crossing-over takes place between the sex chromoe<Hnes 
(ZZ) in the male, but not in the female (ZW or ZO). This relation, 
therefore, is the reverse in birds and flies, for, in the one, crossing- 
over takes place in the female and in the other in the male. Whether 
this difference extends also to the other chromosomes in birds as it 
does in flies is as yet not known. 

Several years ago some crosses between gold and silver Campines 
were reported by Rev. E. Lewis Jones. The results are consistent with 
the view that a sex-linked factor pair is responsible for this difference 
in color, although the author does not apply this view to his results. 
The results may be seen in the table on page 16, to which Jones has 

■ Ona may b« AOut aex-Unked or aex-Uniited k> tsr m tha «vidMiOB bom. 
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IHvfixed the number of individuBls. The otobb also inTolved hen- 
feathering twrtus cock-feathering, which appears here (as in other 
eases) to be a non-eex-linked dominant factor. As stated above ibiean 
are in the results a few apparent inconnsteneies ivith this interin«- 
tation, due poesib^ to heterozygous females having been used in the 
croBBeB. 

Lefevre crossed Silver Spanned Hamburgs and Brown L^onu. 
The spMigling was found to be a sex-Jinked dominant factor. A Bpui- 
gled cock bred to a Iie^om hen gives spanned sons and daughters; a 
span^^ hen by a Leghorn male gave spanned b<hib and not spai^ed 
daughters. Tl^ daughters do not transmit spangling. Otilier factws 
may obscure the results, especially tutors for black, or the localization 
of the pattern. I^efevre says "it would seraa probable that multifde 
factors fcB* black, introduced by the Brown Leghorns, are present, and 
that these facttnrs may have a cumulative effect, with the result that 
p^rmentatiou is developed to varying degrees of extension." Whether 
the factors for black spoken of as coming from the Leghrans are 
dominant wild-type factors that have mutant allelomorphs in the Silver 
Spangled Hamburg is not entirely clear from the quotation. 

Baur ^ves in his Introduction to the Study of Heredity (1914, 
I^. 202-203) some results (unpublished) that Hagedoom had obtained 
by crossing gold and silver races of Assendelver birds. The factor 
is s«i-linked and is no doubt the same factor reported by Jones ftn' 
gold and silver Campines and by Sturtevant for Columbian Wyan- 
dottes. Silver dominates gold and the sex relations are the same as 
those already reported by others for poultiy, viz, the male is ZZ, the 
female ZW. Gold hens by a heterozygous ^ver^ gave 162 silver cocks, 
163 edlver hens, 168 gold cocks, 160 gold hens, expressed graphically 
(9 for gold, « for silver) : 

Z«— WgXZ— Z^J 
Z*Z«-Z*Z'— z*w— z<w 

aOnr Oaid SUnr QM 

When a silver hen was united to a gold cock there were 246 silver 
cocks and 243 gold hens — crisscross inheritance. 

Summary. 
Frcon the standptnnt of the Brown Le^om type representing the 
wild type, the following colors and patterns r^reeent dominant 
mutations from that type: 



Wbha of W&ita La^tom. Baning of nrmooth Book. 

Silver vt DttA Bnhmk. BUok (T) ot FlTmouth Bock. 

Bbdc of Mtnonw. Buff (or red). 
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Each of these ^ ha%mo*yg,oaB condition of course) is dominant; 
in some caaes crani^t^ so, in others incompletely dominAnt. At 
three different loci in the sex chromosome a dominant mutation has 
ooeujrred; at three loci in other chromosomes dominant mutant changes 
have also occurred. 



Whit« of Booe Comb boatom. Brawn of Brown-lveuted name. 

Wfalt« of Sil^. PenoiliiiK. 

Whito of White Rook. 

Whether the reoeemve white that is sometimes found in dominant 
White Rock stock is different from both of the other recessive whites 
is not known. There are, then, 5 or 6 recessive characters that are not 
sex-linked and 1 recessive sex-linked character. 

Owing to the relatively lai^ number of color dominants in poultry, 
some unnecessary confusion has arisen concerning the relation of the 
dominants to the wild type, and espedally to other mutant characters 
to which they are said to be domioant, in the sense, however, of being 
epistatic. An imaginary example will illustrate ttus. For example, 
if at some locus in the wild type a mutation occurred that gave a 
dominant black (i. «., a black that shows up when one gene for it is 
present) and at the same time this black also showed up even when 
other recessive mutant characters were present in homozygous form, 
then Fi birds would be black when black is crossed to such pure 
recesdve stocks. Such cases have indeed been described as dominant, 
but a knowledge of Fi woiUd have shown at once the error of such a 
system. For, if black had been a real dominant, the Fj wotdd have 
(pven 3 blacks to 1 of the other type (such as the wild type), but if the 
case were one of epistasis, then there wotdd have been 9:3:3:1 
classes in F| (or some modification of that ratio). In this soise, then, 
cpistads may be defined as a result that appears vbea one member of 
the pair of genes produces its effect r^^ardless of the constitution of the 
individual with respect to another gene (or other pairs of genes). It 
is curioiu at least to note that in the case of dominant white the term 
epistatic has been much lees often used than in the case of black. 
Theoretically the two situations are exactly alike, but because black 
could so obviously conceal things beneath it, while white is not thought 
of as doing so, it seen^ "natural" to make such a distinction. In 
reality it is not a question of covering up at all, but a case of a dominant 
character (white or black) preventing other colors from appearing. 

In the case of recessive white the situation is somewhat different 
and no one, so far as I know, has gone so far as to spe^ of such a white 
as epistatic, although when the animal is white it certainly hides, when 
eompletdy effective, all the other effects of color-producing factors, 
but allows them, to "show through" in some of the oases. This 
means not that they do "show through," but that they only devdop 
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to a " lowor " degree. The difference between dominant and reoeedve 
iriiitefi rests on the fact that in one case one member of a pair of fac- 
tors ^ves white and in the other both membo^ are neoeesary. But 
obviously such a distinction is not imp(»tant, and if it were wor^ 
while the case might be argued for recessive whites being also epistatic. 
The whole tangle goes back to a false interpretation of presence and 
absence of diaracters and presence and absence of factors. As I have 
gone over this ground recently in my paper on ih,e Theory of the Gene, 
I need not repeat here what I tried to make clear thwe. 

ENDOCRINE CELLS IN OVARY AND TESTES OF BIRDS. 

The occurence of gland-like cells with an intenuU secretion in the 
ovary and testes of fowls has been described by a number of writers 
and denied, at least for the testes, by others. Tlie work of Borii^ and 
Pearl has done much to bring ihia question to a satisfactory stdulion, 
for they have tested out and made use of the beet reagoits that thor 
predecessors had discovered and have used a much greats amount at 
material. As they have reviewed very fully the Uterature of the subject, 
it will not be necessary to go over the ground again in detail. 

In the foUicles of the ovary there are present, according to Boring 
and Pearl, groups or nests of cells lying among the connective tissue of 
the inner theca. The cells are about three times as large as the ordi- 
nary connective-tissue cells of the ovary. The cytoplasm is clear and 
vacuolated, "only occasionally containii^ a few aeidophile granules 
which stain with the fuchsin in Mallory's stain or the eosin of Mann's 
stain, while the real interstitial cells are crowded with granules." 

When the e^ is set free from its foUicle, the latter coUapees and the 
rupture becomes closed. A mass of cells collecte in the center (rf the 
collapsed structm« which develop yellow pigment. The cells, lying in 
the puckered edge of the foUicle, may also develop such yellow color. 
The cells that produce the yellow p^ment come from the nests of cells 
that lay originally mainly in the theca interna. Either by migration 
or by division they come to fill up the central cavity. The yellow 
substance in the ceUs is not fat, since it does not dissolve in the clearing 
oils, nor can it be protein, for it does not take acid stains as normid 
secretion granules of protein. It does not disstdve in HCl, HNOi, 
OT HiSOt, nor in strong EOH, although the latter turns tiie pigment a 
blight red color. Many other substances were also tried by Boring and 
Pearl, but none of them dissolved the yellow pigment, >rtiich reacts 
in Uiis r^iect in the same way as does the yellow pigment in the 
luteal cells of the jniiTpTniLl The similarity in the nature of the pig* 
ments in the two cases is an argument in favw oS the view that the 
cells that produce the pigment are the same in both groups. In the 
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mainmal the ydlow corpus luteum is a large, gland-like organ that 
develops after the ovum is dischai^ed; la the bird there is also a yellow 
spot on the ovary, due to the pigment in the coUapeed follicle, but it is 
smaller and much lees conspicuous than in the ma.tntriftl The evidence 
concerning luteal cells in the testes of the bird is conflicting. One of 
the difficulties in the situation is the identification of the cells, which 
are eometdmes regarded merely as the general connective-tissue 
stroma of the testis that is undoubtedly present; at other times special 
secretory cells are discerned embedded in the connective tissue, as 
individual cells or in islands. Boring states (1012) that in newly 
hatched chicks about half of ihe tissue of the testes is interstitial con- 
nective tissue; the other half consists of tubes or cords whose principal 
function is the development of the germ-oells. In the paper of 1912 
Boring reached the conclusion that there are no "interstitial cells in 
the testes of the domesticated chicken in the sense that this term has 
been previously used," and states that no evidence has been found thai 
an internal secretion of any kind is formed by ai^ cells of the interstitial 
tissue. 

It is not necessary to discuss whether or not connective-tiBsue cells 
are present in the testes of birds, for is it generally conceded that they 
are found at least in certain stages, but it is important to look into the 
question as to whether among these interstitial cells there are others 
tiiat have an endocrine function. Mazzetti gives pictiu«e of such 
gland-cells between the sraninal tubules of the cock bird, but says that 
they are rare, "even though this bird has very marked secondary 
sexual characters" (Boring and Pearl). It maybe remarked parenthet- 
ically tiiat if they had been more abundant the bird might have bad 
no seomdary sexual plumage since it will be pointed out below that such 
^andular cells may have as their special fimction the suppression of 
these characters. 

According to Des Cilleiils, interstitial cells are first found in males 
about 30 days old and at this time the secondary sexual characters put 
in their appearance. If, as will be shown in the sequel, he means by 
interstitial cells the endocrine cells that suppress the development of 
the male plumage in tl» female, the appearance of these cells at this 
time would be significant; but if he implies that their occurrence in 
the male incitee the development of the secondary sexual characters, 
his int^pretation is open to serious doubt. Reev^ found interstitial 
cells in testes of cocks 3, 5}, 9, and 18 months — ^more in the earlier 
stages. 

In a later communication by Boring and Pearl the whole question 
is taken up again with improved methods, etc. Previously 21 male 
birds had been studied, just hatched to 12 months old. More sec- 
tions of this same mateaial were made which were stained according 
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to Mann'B and Mallory's methods. In addition, a whdie new aenm 
of preparations was made. A few intcavtitial odls, i. e., granule ccm- 
taining-cdls were found in newly hatched chicks, but not in any (rf 
tin 60 mature birds examined. 

UJTEAUXLLS IN THE TESTES OF THE MALE SEBRIGKT. 

Finding that the testes of Fi hen-feathered birds were t^tea flat and 
pear-shaped instead of rounded and cylindrical, as in ordinary cocks, 
and that they were often black in color, suggested, as already stated, 
that the testes of the Sebright might be hermaphrodite in eome element. 
It seemed not imposuble that ^g-cells might be found. I miade a 
confflderable number of sections of the testes of these birds and 
examined them under the microscope; not finding any egg or egg-like 
bodies, the slides were laid aside, but the idea that in some other way 
the S^right's testes might correspond to the ovary of the female next 
recurred to my mind. Consequently, when in the summer of 1918 I 
had some new material derived from a castrated Sebri^t male that 
had partly r^enerated its testes and was again going back to hen- 
feathering, and pieces from one of the old testes of a castrated bird, 
I asked Miss Boring, who was then in Woods Hole, to make some 
preparations and examine them to see if she could detect any such 
elements in them as she had found in the female. Miss Borii^ 
reported the occurrence of luteal cells in the testes from hen-feathered 
males, and the results have been published in a brief preliminary paper 
(1918). The abundance of these clear cells, supposedly gland-cells 
with endocrine influences, in the testes of hen-feathered birds is in 
diarp contrast to their absence in the normal adidt cock birds. It 
seems to follow, therefore, that the hen-feathering in the Sebrights U 
due to the presence of these cells, whose function is the same as of the 
nmilar cells in the female, t. e., the suppression in both of cock-feather- 
ing. Castrating the Sebright produces its effect by the removal of 
these cells that are responsible for tiie suppression of cock-feathering. 

The occurrence of luteal cells in young stages of other races of poultry 
raises the question as to whether in these races the first or juvenile 
plumage, that resembles that of the hen rather than that of the cock, 
may not also be due to an internal secretion from these cells, or whether 
this juvenile ptunu^ is only the plumage of a characteristic stage in 
development. Castration of young chicks ought to settle this point. 
Such castration experiments have been made by Goodale. The 
Absence d any reference to any ^ect on the juvenile plumage in 
tiiese early castrated birds probably meant that they did not develop 
precociously cock-feathering, and he writes me that he examined them 
car^ully and that their plumage is like that of the normal chicks. 
Geoffrey Smith has reported the oocurrenoe of two kinds of males 
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in a ntee of Le^ianis, the nuiea of one of wiiich become ooGk-feath- 
eved before the other. May not this difference depend on tiie l«igth 
<rf time oidocnDeceUB remain curbed to develop? A hiatcdo^oal study 
ni the two types would be of the greateBt interest. 

EMXX3UNE CELLS IN THE TESTES OF MAMMALS. 

In man and other m f"iTna.lp it has long been recognized that in 
addition to the genninal cells of the testis there are also present other 
cells, sometimes called interstitial cells, that, so far as known, have no 
immediate function in connection with the genn-cells, or at least that 
have other important functions outside the relation to the reproductive 
organ. That some internal secretion from these cells has an important 
influence on the secondary sexual characters rather than anything done 
by or produced by the genninal cells has been very clearly shown by 
evidence derived from three separate sources, namely, from the 
operation known as vasectomy, from an exceptional condition known 
as cryptorchidism, and more indirectly from X-ray treatment. Vasec- 
tomy involves either cuttii^ the vasa deferentia in such a way that 
the cut ends do not reunite. In consequence of the closure of the 
outlet of the testis the germinal cells slowly degenerate, and finally 
completely disappear. How such an effect is produced we do not know. 
That this result does take place is borne out by the unanimous testi- 
mony of all those who have successfully performed the operation. 
Ancel and Bouin showed (1903) that breaking the continuity of the 
vas d^erens suppressed spermatogenesis in 8 to 12 months. Both 
the S«ix)1i cells (the nourishing cells of the germinal epithelium) and 
the interstitial cells persist. Such ftnJTTiiLln remain sexually active and 
tiieir secondary sexual characters are not affected. Marshall states 
that in the hedgehog the remarkable periodic enlargement of the 
testis takes place even after vasectomy, although the germ-cells have 
disappeared. 

In nrin.tTHYin.la the tostes fail at times to pass through the inginnit.1 
canal, and, in consequence of their retention in the body-cavity, the 
gwm-cells fail to develop. On the other hand, the interstitial cells 
oi the testis develop ncamally. Cryptorchid individuals show the 
normal secondary sexual charactess of thor species. How retention 
of the sperm should give rise to the same result as cutting the duct, 
vix, absorption of the genninal ceUs, is not known. A possible soluticm 
may be found in the pressure exerted on the testes, botii whem retained 
in the abdomen and when their outlets are stopped by tying or cutting 
the ducte. 

Finally, it has been long known that continued or repeated ctxposure 
to X-rays or to radium causes the destruoti(m of the germ-cellB, but 
leaves tite intentitial odls intact and preeumaUy functi«iaL Deetauo- 
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tioD (rf the Kvm-«ell by X-fsyB has no cffeet im the seemduy sexual 
duuractera. 

This threefold evidence demonstiatee that in the male of the mam- 
malia most, peihape all, of the sectHidary sexual ehaiactera t^t are 
affected by castration are not affected by the destruction of the germr 
oells. lliiB ecmclusion supports wy strong the view that the intw- 
stitial odls are the cellular element in the testes that influoioe throu^ 
internal secretion the development of the eeccmdary sexu^ characters 
of the male. 

Equally important are the results that relate to the accessory organs 
of reproduction, such as the glands that open into the vas deferens 
(prostate, Cowper's gland, etc.) and the copulatory organs also. In 
the castrated Tnft" |Tn|i.ln these organs dimi" iRh in size. On the other 
hand, afttf destiuction of the germ-cdls in fbte testes (or even when 
they fail to develop as in cryptorchid individuals) tiiese accessory parts 
are unaffected. In birds, as will be shown, the situation is entirely 
different. 

CYOJCAL CHANGES IN THE INTERSnTlAL CELLS IN 
HIBERNATING MAMMALS. 

The changes that take place in the interstitial cells in mAwimRlH that 
hibernate and in which there is a definite rutting season following 
hibernation have been examined by several workers. The mole has 
been studied by R^aud (1904), L^caillon (1909), Tandler and Gross 
(1911) ; the marmot by Hauseman (1895) and Gaugini (1903) ; the 
hedgehog by Marshall (1911); and the woodchuck by Rasmussan 
(1917). In the mole the interstitial cells are most abundant when the 
tubules in which the spermatogenesis is taking place are least devel- 
oped, and mee vena. In the het^ehog the increase in both tissues takes 
place at the same time. In the woodchuck both tissues increase rapidly 
after hibernation (during March and April), after which the spermato* 
genesis continues actively for the two following months (May and 
June), ^niiile the interstitial cells retrograde rapidly during April and 
remain at a low level for the rest of the year. Retrogrea«on in the 
germina] epithelium begins in July, aft^ tiie rutting season is past. 
It appears from this evidence that the activity of the two tissues does 
not always run the same course. Since the secondary sexual characters 
of the male, which are not well developed in these animals, are not so 
for as known affected by the conditicm of tiie testes, the evidence does 
not have any very direct bearing on our present topic. How far the 
sexual behavior of these m«.minftlB is determined by the quantity or by 
the activity of the interstitial ceUs is not very clear from the evidence, 
althouf^ tiiere is a very noticeable increase in the amount of this 
tissue just before and during the rutting season. In the mole also the 
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interstitial cells b^in to increase jtist before the mating aeaatm, and 
ihe increase continues for several months after mating has taken place. 
It is difficult to judge how great or how little the change amounts to 
unless the whole organ is considered, for the relative volumes of the 
seminal tubes and the interstitial tissues does not give a measure of the 
total volume of these tissues, since the testes may decrease graatly 
in size when the seminal tubes retrc^rade, and the apparent increase 
of the interstitial cdls at the time may not increase the total amount 
of tiiat tissue present. 

Probably more impOTtant than the ratio of interstitial tissue to 
tubules is the activity of the former. Rasmussan states that in the 
woodchuck the interstitial cells not only increase in number immedi- 
ately after hibernation, but the increase in amount of this tissue is 
largely due to increase in the cytoplasm, in which there appears an 
accumulation of fatty globules in the more peripheral [lartfl of tiie cells. 
In the central cytoplasm an abundance of fine lipoid granules develops. 

Marshall has made some interesting experiments on the hedgdic^ 
at different seasons. Castration in March pri<a- to the breeding- 
season has an influence on the accessory generative organs (veeiculs 
seminales, prostates, and Cowper's glands). They remain in the same 
undeveloped stage in which they were at tiie time of operation. If 
castration is carried out very evly in the breeding-season, when the 
accessory reproductive organs are about half developed, their further 
enlargement is prevented. In so far as the accessory oigans rank as 
secondary sexual organs, thdr complete development is thus shown 
to depend on the testes. Transection of the vasa deferentia before the 
banning of the breedii^-eeason affects somewhat the enlargement of 
the testes, but produces no ^ect on the acceesOTy organs. 

HEI^IAPHRODITISM IN POULTRY AND THE SECONDARY SEXUAL 
CHARACTERS. 

Several hermaphrodite birds have been described (Brandt, 18S9; 
Shattock and Seligman, 1906; Pearl and Curtis, 1909; Smith and 
Thomas, 1913; Bond, 1914; etc.). The most recent and complete 
account of such birds is that by Boring and Pearl. They examined in 
all 8 herm^hroditee, or at least 8 birds that showed in their plumage, 
or other secondary sexual characters, peculiarities of both sexes. Five 
of the birds came from Herr Houwink In Meppel, Holland, who had a 
stock in which there appeared, in 1911, two hermaphrodites out of 80 
birds, and in 1912, three out of 80 birds. These were the birds studied 
by Boring and Pearl. In adcUtion, when Pearl saw Herr Houwink's 
birds in 1910, "there were then on hand a considerable number of these 
supposed henmaphrodite birds." An anatomical study of the Holland 
birds showed that one of them was nearly a normal female; three, the 
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authcHV Bay, were ' 'evidently midevd(q}ed femalee. Th^ have infantile 
oviducts and embryonic ovaheB." It should be added tliat there was a 
tumor mfme'th&n twice the size of the ovary attached to or part of the 
ovary. If the ovary itself was affected by the tumm-, or the tumor waa 
a part of the ovary, the slightly unusual condition of the birds mij^t 
be accounted for. Of the other 3 birds, 2 are also suspected to have 
ovarian tumors, while in the third bird streaks oi a secretion which 
reBonbles the substance of the tumor of the other two were found. 
The change towards male plumage in these 5 birds is probably due 
either to the incomplete development of ovary or to the effect of the 
tumor on the ovary. Althoi^ luteal oells are described as presrat, it 
seems probable that their total number might be leas than in a nonnal 
bird, and hence their insuffidMit secretion would fail to suppress the 
development of male plumage. From this point of view these birds 
are no more homaphroditee than is a hen with her ovary tak«i out 

The TKuaining Holland birds were oitirely different. On the l^t 
nde there was an ovary in an inactive condition ; on the right side there 
was a testis, producing spomatozoa. Sections of the testis ahow 
that it is normal, consisting of a mass of tubules witii very little con- 
nective tissue between them. In both ovary and testis there are "a 
few nests of luteal cells near the surface. Tba ovaiy ctntaina eggs, but 
is abnormal to some extent." The authors state: 

"In extemal appearance it is more like a male than the others, which fact 
correlateB well with the active ccmdition of the teatis and inactive diseased 
ovuy, with only one corpus luteum scar. The inteistitial cells can scsioeiy 
be t^d accountable for the male secondary aex characters, as the only <HieB 
in an active Becreting condition are a few in the ovary." 

It is not quite clear what is meant in this quotaticm by the statement 
that the interstitial cells can scarcely be held accountable for the male 
secondary characters unices to s^^^t that they cause the development 
of theee characters in the male,as they are supposed to do in mammals — 
a view that the authors do not seem at other times to hold. 

Another hermaphrodite (Atwood's black) had an infantile oviduct 
and an ovotestis. A second bird, too, had an ovotestis — mostly 
testis — as well as a rather lai^e oviduct. Collections of luteal cel^ 
are described between the tubules of the testicular portion. If, as 
su^ested by the Sebri^t cases, these cells tend to suppreas the female 
plumage, their presence here in excess might at least be made to account 
for the female part of the plumage of this bird. Comparing the last 
two birds (that showed active sex-behavior as males) with the best 
oi the Holland birds, Borii^ and Pearl point out that the active sex 
behavior of the two former can not be due to "interstitial cells t^t are 
absent in these but present to a slight extent in the former." They 
tikenadd". . . . though the differenoee can not be liud to the lutear cells. 
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as they are preient in all tiiree." That the relative amounts of the 
latter or thdr activity might still be accountable for the difference 
would not aeon entirely exduded from the evidence ao far as it is given. 

A fourth hennaphrodite (Dexter's) laid 12 ^gs and had a lai^ 
coiled oviduct, lliere was present "a large, lobulated reproductive 
OTsan on the left," which proved to be an ovotestis. Several ovarian 
tumors were present and Uiere was testicular tissue. 

It is fairly evident, then, that four of these birds described by Boring 
and Pearl were females with abnormal ovariee. The incomplete 
devdopment of the latter, or tiieir abnormid condition due to tumors, 
may sufficiently explain the occurrence of male secondary sexual 
cbaracttfs. Iliat tluee tumors affect, to different d^reee, such charac- 
ters is expected from what is shown by imperfectly spayed females of 
nomtal breeds. 

There are a few statement in the sonunary of this pap^ that call for 
comment. The statement that the "development of comb, spurs, 
and wattles does not stand in direct quantitative relation to the sex 
of the gonad," appears to be only intended as a statement of fact based 
on the author's observation. But in what sense is there an expectation 
that they should stand in such relation beyond the obvious fact that 
in the cock the comb and wattles are larger than in the hen, and that 
qiurs are generally present only on the cock. But if the expression 
"sex of the gonad" implies the germ-cells it is not at all certain that 
there is any expectation of a quantitative relation, and there is some 
imibidjility at least that other cells than the sex-cdls are involved in 
the development of combs, wattles, and posribly spurs. A castrated 
cock has a small comb resembling that of the female bird. On the 
other hand, removal of the ovary sometimes leads to an increase in the 
ooanb and wattles. Here we have, to say the least, a paradoxicid 
rituation, for the result looks superficially as tiiou^ stnnetiiing in the 
ovary keeps down the hen's comb, while something in the testes keeps 
up the cock's comb, yet when the ovary is removed the hen develops 
a cock's comb ; when the testes are removed the code develops a hen's 
comb. The real meanii^ is, I think, that the genetic complex for 
femalenesa (one Z or else ZW) stands in itself for a full-sized comb, 
whOe the genetic complex for maleoess (two Z'b) stands in itself for 
sm^ craob. 

Bonng and Pearl state tiiat "body-ehape and oarriage have a genetic 
relation to the sex of the gonad." This statement means, I think, 
that the amount of testicular matter present stands in some direct 
relation to the shape of the body and carriage of the male. Castration, 
both of the nonnal cock and the Sebright, seems to change the carn- 
age Bomeirttat and pesitaps the dispe. Both lose something of the 
peculiar attitude of the male, but I have not bem able to my own 
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Bfttisfaction to analyze what this means. As has been pointed out, and 
as the pictures show, the castrated Sebri^t changes his attitude, but 
whether this is a change due to his new contour, or to a new baluice 
resulting from a large tail, or to a let-down resulting principally from 
effects on the nervous system, is difficult to detmnine. The same 
statements apply in part to the castrated cock of ordinary breeds, but 
not to the same degree, since the change after castration, in feathering 
and in carriage at least, is sl^t. 

The concluEdons that the "amount of lutear c^ or pigment (?) is 
in precise couelation with the degree of external somatic femalenees 
exhibited by the individual" is of especial interest in connection with 
tixe Sebright evidence. It is difficult, however, to gather from the 
body of the paper what the absolute amount of luteal cells is that is 
present, for even in some of the more male-like birds with an ovoteetis 
the description leads one to suppose that there may be as much luteal 
material present as in some of the more female birds with infontile 
ovaries or cystic tumors. 

Pearl and Ciurtis (1909) described "a case <^ incomplete herma- 
l»broditism" in a Barred Plymouth Rock fowl. Externally the bird 
looked like a h.ea, but "the head and neck resembled these parts in 
Uie cockerel," especially the comb and wattles. The bird was never 
seen to tread a hen, nor did it ever crow normally. An ovary and 
oviduct were foimd on the left side, the former no lai^er than that of a 
laying hen after removal of the lai^ yolks. No egg» were visible on 
its surface. On the ri^t side a testis (9 mm. by 6 mm.) and vas 
deferens were present. No egffi were found in the ovary, and it gave 
every indication of being in a degenerating condition, with no e^;8 
or ^g foUicles in it. The testis had no "normal seminiferous tubules," 
but indications of cellular rods were present, llie organ is in all 
probability a degenerating testis. 

A L^tjhom 2 yean old has been described by Bhattuck and Selig* 
mann (1906) that had the full-^leveloped comb and wattles of the 
cock,' but the former drooped slightly to one side as in the hen. W^ 
developed spxxis were present. The plumage was mainly female, with 
neck-hackles moderately developed, and with "saddle-hackles" pnM}- 
tically absent. The tail, though not typically female, lacks sickle 
feathers. Hie bird excited no notice from other birds of either sex. 
A large left oviduct and the distal end of a right oviduct were present. 
Two vasa deferentia were also present. In the left side a flattened sex- 
gland (3 cm. high) was foimd, made up of testicular tubules. Two 
small ova were found in its posterior end. The right gonad was also 
tubular (testis). 

The occurrence of real testicular tissue in one of the Holland birds 
and in three othen described by Boring and Peari, as wdl as in one 
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described by Pearl and Curtis, and in another by Sbattuck and Selig- 
mann calls for special comment, since the presence of both testicular 
and ovarian tissue in the same bird is the essence of hermaphroditism. 
In general there are two ways of looking at such a result. Kither the 
sex-determinii^ factors have been changed bo that in one part of the 
body, where the reproductive organs are laid down, one condition can 
prevail, in other parts other conditions; or a mizup of the sex chromo- 
Bomes has taken place. Until we get some more evidence concOTuing 
such cases it is useleBS to speculate, althou^ the former view mi^t 
seem the most probable of the two if the Holland birds (^ Hrar Hou- 
wink's flock were in a h^h degree true hermaphrodites. 

But in fact tiiree of the four described by Boring and Pearl were 
due to tumors of the ovary, which, if they suppress the normal develop- 
ment of this organ, would be e:q)ected to call forth tJie appearance of 
the BecooAary sexual characters of the cock. If the likelihood of 
devetoiHDg a tumcH- were inherited, the frequent occurrence of hen- 
featbered birds in this flock would be explained. However, one true 
hermaphrodite in 4 birds is Burprisiogly h^ for a chance result, sinoe 
hermaphrodite birds are very rare. 

The second interpretation si^geeted above is one that has been 
advanced and established by genetic evidence in DrosopkUa, viz, 
dislocation of the sex chromosomes. In the case of birds ^e male is 
supposed to be duplex for the sex factors (ZZ), the female simplex 
(ZW), and consequently the chromosome-dislocation hyirathesis must 
be worked out contrawise in birds and insects. We should have to 
suppose that such birds start as males (ZZ), and that at some division 
of the cells of the «nbroyo one of the Z'b became lost (left at the cell- 
wall for example). All the cells that got ZZ would be male; all that got 
Z would be female. If the reproductive r^on included cells of these 
two kinds, an ovotestis would result. The rest of the body should be 
the same, or nearly so, mnce the soma of male and female birds is alike 
whether ZZ or Z, except in so far as it is affected by the secretions from 
the ovaries (in most races of poulby), or from the testes if the race 
be Sebright, Campines, or Hamburgs. Birds with ovotestis might, 
nevertheless, be expected, on this view, to show at times an inter- 
mediate condilion of the secondary sexual characters, according to 
how much intermJ secretion, is produced in the ovotestis. In other 
words, the chromosome loss m^t involve much more extensive 
r^ons than the reproduction oigans, but show its ^ects first in that 
oi^an and then indirectly other parts of the body be affected by the 
luteal cells of the testis. There is one rather good piece of evidence 
that seems opposed to this interpretation. In the hermophrodites the 
oviduct is present in all cases. Its conspicuous presence in the four 
hermaidirodites would seem, tJiereftffe, to indicate that the birds 
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started as franales (ZW), -viadi is inecnmBtait with the dislocation 
hypothesis. The altonate would be that in all Uieee cases the Z part 
always included the regi(Hi of the oviduct, which aeema improbable. 

T1ia« is another possibihty, viz, that in birds a sez-forCtor is carried 
by the W chromosome, and ZW is a feznale not because of one Z, but 
due to the presence of W. If so, then one Z or two Z's might give the 
BKme result, viz, female. If a bird started as female, (ZW) and chromo- 
eom^ dislocation occurred, then the Z parte would be female and the 
male part W. Until we get evidence on this point it is not worth 
daborating. Without genetic evidence from hybrids, the interpretaticm 
of hermaphrodites in birds can have at present only a speculative 
interest. We may hope some day to get the same kind of evidence 
as in the ease of DroeopkOa. Hermophrodite l^brid pheasants that 
have been often described might seem to fumish a hopeful field, for 
they appear to be quite conunon and to show characteristics of botii 
races. As yet, however, no (me has, I think, succeeded in finding a 
simple interpretation of the results. It is also not unlikely that many 
of the pheasant cases are not true hermapbroditee, but due to failure 
of normal development of the reproductive gland, which ffvea an 
intermediate or mixed type of secondary sexual charaeta*B. 
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PART II. 

DARWIN'S THEORY OF SEXUAL SELECTION. 

Darwin seems to have felt the Decessity of giving some other explaiiA- 
tion for the secondary sexual differences between the male and female 
than that such differences were only a by-product or concomitant of 
sex itself. His reason for searching further was probably a part of the 
general pcdnt of view he had reached in regard to the utility of special 
structures of animals, namely, that their presence finds its explanation 
on the basis of utility. Believing as he did that most of the adaptations 
of plants and animfllp have been built up by the accumulation of small 
steps, it must have appeared to Darwin inconceivable that the highly 
developed ornamentation exhibited in the secondary sexual characters 
could have been simply the by-product of sex itself, especially when 
the ornamentation may have been entirely absent in males of closely 
r^ted species. To-day we are not, I think, so oppressed with the 
difficulties of the situation, for we have beccone familiar with the fact 
that very slight genetic diff^^nces may cause very great differences 
in the end-product. In a word, the problem seems less formidable to 
us than it did to Darwin. 

Darwin appealed to three processes to account for the facte: (1) to 
natural selection between the members of the same sex; (2) to chdce 
on the part of the "other" sex; (3) to the "inheritanoe of use." Since 
each of these appeals to a different procedure, let us take them up 
separately. 

Competition of the males with each other for the female would, 
Darwin said, lead to the survival of those males beat endowed with 
organs of offense and defense. The spurs of the cock are weapons dan- 
gerous for other birds; the horns of the bull and those of deer are used 
for offense and defense; the mane <rf the lion is a protection against the 
teeth of other lions. It is true that these same weapons and shields 
serve for attack and defense outside the species; but since the female 
lacks them or has them less developed, they would not seem necessary 
for survival of the individual against aggression from without. They 
have developed, then, through competition within the species. 

Several objections of greats or less weight have been urged against 
Darwin's interpretation. It has been pdnted out that the combats 
within the species are seldom fatal and that the defeated rival finds 
another mate. If, as a rule, there are as many females as males within 
the species and monogamy is the rule, all males will find partners 
sooner or later, all may have offspring, and the offspring have equally 
good chances of survival. Under these circimsstancea it is not to be 
expected that the combat would be likely to lead to the production of 
males witli longer spurs or larger htnns. 
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Darwin lealiied this difficulty and tiied to meet it by another 
assumption, viz, that the better endowed males would alto be more 
likely to have more offspring. How could this be made probable? 
Darwin suggested that tixo strongest males would be in pomtion to 
mate with the fiist females to reach maturity, and if these were more 
likdy to have offspring, either because of maternal endowments that 
made them also more prolific or because the earUer broods would have 
a better chance of getting food, etc., then the successful competitor 
would sooner or later impress his advantages on the race. 

At other times Darwin su^eeted that the exceptional vigor that 
led to the greater development of the character in question would 
itself be of value and throi^ transmission to the offspring lead to 
advance in the development of the other character in question. But 
here the argument sUfts to another field of inquiry and surviv^ is 
ascribed to greater vigor, while the secondary sexual character is carried 
idong in its wake as a Bort of correlated effect. 

It will be ctmceded, I think, that such pleading does not help the 
aigument, but exposes rathv its inherent weaknesses. There is, 
however, a line of defense that is permissible. If monogamy is not the 
rule, if iiie mate captures or attracts several fem^es and keeps a harem, 
as do the fur seals and walruses, or rules a herd as does the bull, or has 
a flock as does the cock, or mates more frequently with random fem^es 
than do some other males, then tiie advantage of his more developed 
weapon might lead to more offspring. If it could be shown tiiat such 
intraspedfic weapons prevail more frequently within polygamous spe- 
cie8,afairargumentfornaturalBelectionmi^tbemade. Idonotknow 
whether such a census has been taken as yet, but it is Ixue, I think, 
that in most polygamous groups we find weapons of offense very highly 
developed. The fur seal has a harem and the male is greater in siae, 
in streugth, and in iho development of his tusks than is t^e female. 
Similarly for the walrus. The bull drives away rival bulls from ihe 
hwd until through age or injtuy, or through the development of a 
better fighter, he is replaced. If the better endowment is due to a 
genetic factor, we should expect natural selection to keep the race at 
tiie highest possible level that variation supplies material for. If, then, 
we confine the application of natural selection to cases of this sort, the 
explanation is as vahd as is the theory in other fidds. Such a con- 
eludon becomes weakened when an attempt is made to apply it to 
other groups oi Animak in which it appears improbable that the 
8ec<mdary sexual characters of the male have any obvious value as 
organs of offense. There are families of beetles, for ^cample, in which 
the development of the horns of the male are as striking as are those of 
the ram m- the stag. The males of these beetlesare not known to fi^t 
with each other, nor are they polygamous. It may seem that we must 
look here for some other explanation, idiich, if found, mi^t suffice to 
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COW also the case of birds and TnAmtwiLlB Iq answer to this criti- 
cism it may be argued that it is also possible that the other explana- 
ti<m when found need not necessarily apply to the hi^iw ^nimiLliij 
when the laws of combat may still give the true explanation. On the 
whole, I think that, for our present purpose, it vfiil suffice to state 
it is conaiatent with the theory of natural selection to acc^t provision- 
ally this pert of Darwin's theory for those species in the higher groups 
in which pofygamy holds, conceding, however, that ev&i here it may 
have to be altered when fuller knowledge is gained. 

We are more concerned with that special feature of Darwin's theory 
of sexual selection that is applied to those cases where the charactera 
are supposed to owe thdr special development to selection by tJie 
individuals of the oppoidte sex. It is assumed that the female chooses 
the better widowed males, because of the strong appeal he makes to 
her sense-organs. Here we must ^nploy perforce or for brevity's sake 
the terms used in human psyeholc^y, and run the risk at every turn of 
imputing to other uninfmU the emotions and acquired associations 
which man himself utilizes. Even granting t^t other ttTii mftla pos- 
sess somewhat similar emotions to ours, there still remains always tiie 
danger, in the absence of real evidence, of imputing to them the par- 
ticular emotion tiiat we call "feeUng for beauty"; and the greater 
danger of imputing an esthetic sense so highly developed that the chmce 
falls in the long run on the suitor better ranamented than bis rivals. 

OTHER ■IHEORIES TO ACCOUNT FOR SECONDARY SEXUAL 
CHARACTERS. 

Wallace has always been an opponoit of Darwin's theory of sexual 
selection in so far as it is baaed on female choice. As already stated, 
he believes that the difference between the plumage of the male and 
female in birds is due to natural selection keeping down the ornamen- 
tation and high coloration in the female, because these would be 
expected to expose the female while sitting on the nest to the attacks 
tA enemies, more especially of hawks. In support of this view he 
points to a long series of species which build exposed nests and in them 
the female is plainly and inconspicuously colored, while he also points 
out that in such birds as parrots, toucans, woodpeckers, hangneets, 
and starlings, which nest in holes or have covered nests, the female 
is often as highly colored as the male. It can not be denied that 
he makes out rather a strong case in support of this view, despite the 
fact that there are other birds, like the Baltimore oriole, that have 
covered nests and in which the sexes are very markedly different. 

Wallace tries to meet cases like the last one by AaaiiTning that tiie 
covering keeps off the rain ; but, if so, why are the sexes still so different? 
In the case of other highly colored birds, such as jays, magpies, hawks, 
and crows, Wallace beUevee that these birds are all aggressive, henoe 
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can protect their nests if attacked. As a further sanxHt ot hb 
view, Wallace pcnnta out that in the few cases where the female is 
more highly colored than the male (as the dotterel, apeasB of i^ialarope, 
an Austndian creeper) the male incubates the ^gs. 

Wallace's suggestitm still leares unexplained the canamentaticm oi 
the male, which he thee to account for as the direct result of the greater 
vitality of the male. He tnes to show that excessive ornaments and 
hi|^ colmation devdpp especially in those puts of the body to which 
there is an unusual supply of blood or where nerves and blood-vessds 
emer^ to go to the sldn or to the muscles. 

"If we have found a vera cauaa for the origin of ornamental appendages of 
birds and other animah in a surplus of vital energy, leading to abnormal 
growths in those parts of the int^ument where muscular and nervous acti«i 
are greatest, the oontinuous develofonent of these ^jpendages will result froan 
the ordinary actioD of natural selection in preserving tl^ moet healthy and 
yigoroua individuals, and tbe still further selective agency of sexual struggle 
in giving to the very strongest and moat eneigetic the parentage of the next 
generation. And, as all the evidence goes to show that, so far as female birds 
exercise any choice, it is for 'the most vigorous, defiant, and mettlesome nuUe,' 
this fonn of sexual selection will act in the same diieotiMi, and help to carry 
on the process of plume development to its culmination. That cuhnination 
will be reached when the excessive length or abundance of the plumes begins 
to be injurious to tbe bearer of them ; and it may be this check to the further 
lengthening of the peacock's train that has led to the broadening of the 
feathers at tbe ends, and the consequent production of the magnificent eye- 
spota which now form its crowning ornament. 

"The display of these plumes will result from the same causes which led to 
their production. Just in proportion as tbe feathers themselves increased in 
length and abundance, the skm-muscles which serve to elevate them would 
increase also; and the nervous development as well as the supply of blood to 
these parts being at a maximum, the erection of the plumes would become a 
habit at all periods of nervous or sexual exciteailKit. The dis^^y of the 
plumes, like the existence of tbe plumes themselves, would be the chief external 
indication of the maturity and vigor of the male, and would, therefore, be 
necessarily attractive to the female. We have, thus, no reason for imputing 
to her any of those esthetic emotions which are excited in us, by the beauty en 
form, color, and pattern of these plumes; or the slill more improbable esthetic 
taat^, which wmild cause her to choose her mate on account of minute differ- 
ences in their forms, colors, or patterns." 

Wallace says, referring to the immense tuft of golden plumage in 
the best known birds of paradise (Paradisea apoda and P. minor) that 
springs from a very small area on the side of the breast, that Mr. Frank 
E. Beddard, who has kindly examined a specimen, says that "this 
area Ues upon the pectoral muscles, and near to the pcunt where the 
fibers of the muscle converge towards their attachment to the htmienis. 
The plumes arise, therefore, close to the moet powerful muscle of the 
body, and near to where the activities of that muscle would be at a 
TnftTimiim- Furthomore, the area of attachment of the plumes is just 
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above the poont nhen the arteries and nerves f ot Hie supply of the 
pectonU muBcles, and naghlxHing r^ons, leave the intoior of the ' 
body. The area <A attachment of the i^ume is, also, as you say in your 
letter, just above the junction of the coracoid and stonum." "Orna- 
ment^ plumes of considerable size rise from the same part in many 
other species of paradise birds, sometimes extending laterally in front, 
so as to form breast ahinlHa. They also occur in many hummingbirds, 
md in some sun birds and honey-suckers; and in all these cases there 
is a wonderful amount of activity and rapid mov^nent, indicating 
a surplus of vitality, which is able to manifest itself in the develoimient 
of these accessory plumes.'" 

There are two serious defects in such an attempt to explain the facts. 
In the first place, it has been shown in several cases that have been 
studied that it is not the lessened "vitality' ' of the female but the suppres- 
sion caused by the ovary that keeps down the develf^ment of the full 
plumage in that sex. In the second place, the anatomical influences 
appealed to are imaginaiy rather tiian real, for it is by no means 
apparent that the local exits of blood-vessels and nerves to musclea 
are at ^1 eoirelated with the location of tiie ornamental parts, in the 
skin. Even when larger blood-vessels run to the r^on of excessive 
development of feather ornaments it may well be that they go there 
because the ornaments in question use them for their nourishment; in 
other words, Wallacepute the cart before the horse. The topof thehead, 
where crests so often develop, the throat coloration and throat shields 
of hummingbirds and birds of paradise, the two long tail feathers of 
several species of hummingbirds, etc., do not arise, so far as known, 
from T^ons which are conspicuous for a rich supply of blood and 
nerves. Wallace's appeal to underlying oigans such as muscles that 
supposedly influence the spedal development of the feathers in the 
skin above does not strike one as a fortunate appeal to physiological 
principles. 

Hudson, in his interesting book, "The Naturalist in La Plata," has 
also criticized Darwin's theory of sexual selection. He has brou^t 
together a considerable number of interesting observations that go to 
show that the displays — dancing, silking, and combats — of males and 
finales have no relation to mating. Many of them involve birds 
^ready mated, sometimes several males participating, sometimes 
males and females together. Some of the tourneys he describes are 
more elaborate tiian the mating instincts themselves, yet are not con- 
cerned with mating. He attempts to explain them as overflow phe- 
nomena, t. e., as expresedons of the high vitality of the males, especially 
at this time. If he is right, then elaborate exhibitions of these kinds 
have evolved that have no special connection with mating. Are we 

> For MtMtr Md pvgDMity to hnmmingbM*, Me Tnpkal Natum, -p^ 130, 21S. 
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eaUed upon for a diffea«nt explanation for other differeneee tiiat dis- 
tinguish the sexes? One example will suffioe to bring out a curious 
onotitmal (?) displ^ that, elaborate as it is, has no apparoit connec- 
tion with mating (p. 269) : 

"The lfq>wing display, called by the natives its' daoce' or 'seriouB dance' — 
by which they mean square dance — requires three birds for ite performance, 
and is, ao far as I know, unique in this respect. The birds are so fond of it 
that th^ indulge in it all the year round, and at frequent intervala during the 
day, also on moonlight nights. If a person watches ai^ two birds for some 
time — for they hve in pairs — he will see another lapwing, one of a neighboring 
couple, rise up and fly to them, leaving bis own mate to guard their chosen 
ground; and instead of resenting tiiis visit as an unwarranted intrusion on their 
domain, as tb^ would certainly resent the approach of ahnost any other bird, 
tii^ weloome it with notes and signs of pleasure. Advancing to the viator, 
th^ place thonselves behind it; then all three, keeping step, begin a rqiid 
mwrch, uttering resonant drumming notes in time with their movements; the 
notes of the pair behind being emitted in a stream, like a drumioll, while the 
leader utters loud sini^ notes at regular intervals. The march ceases; the 
leader elevates his wings and stands erect and motionless, st^ uttering loud 
notes; while the other two, with puffed-out pliimage and standing exactly 
abreast, stoop forward and downward until the tips of their beaks touch the 
ground, and mnking their rythmical voices to a murmur remain for some time 
m this posture. The performance is then over and the visitor goes back to 
his own groimd and mate, to receive a visitor himself later on."' 

Cunningham, who has brought together many interesting cases of 
secondary sexual differences in his book on " Sexual Dimorphism in the 
Animal Kingdom," attempts to show that the development of the 
secondary sexual cfaaiacters of the males are due directly to the iise of 
certain parts (d the body during courtship — the use of the parte leading 
to the enlai^ement and excessive growth of the parts. The effects 
are believed by him to be inherited, and he tries, furthermore, to show the 
way in which such acquired characters could be inherited. He makes 
use of the modem idea of hormones — substances that are elaborated 
in many organs of the body, whose effects are often most conspicuously 
produced in other parts of the body. He ima^nes these hormones to 
be collected in the germ-cellB and tiiinsmitted to the next generation, 
where thdr presence contributes to the further development of the 
special r^on (when it develops) that corresponds to the region in 
its parent in which the hormone was made. His speculation meets 
in the first place with the general objections inherent in lamarck's 
theory — objections bo well rect^nized to-day that I need not go over 
them here. His special appeal to the hormone theory makes use of that 
theory in a way to which it was never intended to be put, by assuming 
that an internal secretion formed in one organ can be stored up in 
another cogan, eggs and sperm — an assumption not only imsupported 
by any evidence, but, as I have stated, one quite fore^ to the hor* 

> Tbe Naturalkt io L* Fkta, W. H. HndMn, Loodoo. 1B83, pp. aOB^a 
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mone theory. In bet, Cunnii^iflin'B Buggeetion U notiung morB Uum 
Danrm'i old idea of pangens, idiich, btaag imaenaiy, could be en- 
dowed with all denrable ptopertiea. But cme can not invoke a chemi- 
cal subetanoe, even a honnone, and then at the critieal mranent mdow 
it with qwcial virtuee. 

A rather unique explanation of the wigin (tf aetxMidaiy sexual charao- 
tcre is made by Stolimann. HiiargumHitrunsasfdlows: (l)Thea!«iB 
a great exoeea of males in birds; (2) the make left over after mating 
are uselees to the speciee, since they can not propagate and they coit- 
sume food needed by the rei^oducing part of the population; (3) the 
ocmspieuous cotcHraticm of the male has been evolved in order that he 
could be seen more readily by birds of ivey and the objectiooaUe 
exoesB (tf males renraved; the etHnb of the cook has developed in ocder 
that he may be the more easily killed by other cocks. 

StoUmann'e account of the ori^ of the plumes of the birds <^ 
paradise should be immtvtaliied in the literature of the subject: 

"Nous compreDdroDS auasi facUement la pr^iaence de longues plumes ches 
ks males de nombreusee espicea, ctnnme p. e. ches les oiaeauz de paradis, cbei 
ks veuves (Vidua) et chei I'engoulevent afiieain (CoMMtomu). TeUes 
plumes out probablement pour but de relantir te vol des males. J'ai constate 
chex la Loddiffena mirdlnlia (oiseaumoucbe p^ruvien), que le vieux male 
poea^de I'aile quelques millimetres plus courte que le jeune male ou la femelle. 
Cet avortemeut dee remigea provient assurftnent a cause de d^veloppetnent 
cxtrawdinaire de letrices extMnes cbei le vieux male de eet (Hseaumouehe. 
& doDc d'une part lee tetrieee albmgees tradoit le vol i^us diffidle et d'hautie 
les aiks j^us petites diminueut sa v^ocitA, le vol du male doit itre plus leot 
que odui de la femelle, le poids du corps restant la mtene. Le dSvelop- 
pemrat eztraordinure soit des remiges soit des rectrioee, en reUmtitaontiB 
yd dee males, reud leur r61e plus difficile, en facilitaot ea mJme temps celui 
des fenoeUee. Nous pouvooa prendre cfHume exemple le Coametami*, qui, 



_ e touB les engouieveatB, se nourrit d'inaectes, qu'il attr^>e au voL Cn 
eet <Maeaaqudques fdumes d^ ailesse develcmpentextraordinairement pendant 
l'^>oque de reproduction, en retardant vinbloQent son vol. II est done facile 
a remarquer, qu'alors le male, ayant les mouvemente plus lourds, o'est pas en 
tieA de se procurer la mdme quantity d'insectes qu'auparavant; ainm dtmc la 
femdle a plus de chances de tiouver ime nounitiue plus abondante." ^ 

Equally w(»thy of perpetuation is Stolzmanu's explanation of 
d ftft'^^g and wTtgirg birds: 

"Tout«e les rAinifuia des make, leurs danaee biiaires, leur chant, enfin, ne 
■ervent pas probablement a B6duire les femelles, mais pour distraire les males, 
ce qui rend plus f aciles ke beecwnes matemetles dee femelles et au surplus ks 
IHoten contie I'aasiduite nuiaft>k des cSlibataitee. Darwin lui^nteie eoa- 
state le fait, qu'ordinattemwt pendant ks rftmitxis dee make, quaod oes 
demieTB sont tn^ occupes par k eonbat ou la danse, la f anette s'echf^^ avec 
on d'eux poor copukr. Amai done dans oe cas c'est bieu la seleotioD naturdk 
et DOD la adection sexuelle, qui i^t pour la oooaervaUon d'£quilibre sexuel." ^ 
t, 18BI, p. 431. QndvM w— rqaw •« !• 
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DISPLAY OF THE MALE. 

"nie antics of male birds at the mating season, tbnr courtship 
so-called, has played an impcntant r61e in Darwin's theny of aemti 
selection, lite behavior <^ many Inrds at this time is of sudi a kiiid as 
to suggest that the male is exhibiting his plumage before Hbe female 
for the "pmpoee" of influencing her choice. The wbcia -paufhee- 
nalia of human psycholt^ is impelled into the situaticm and both the 
eonsciouBneSB of the male, his intentions so to speak, and the BumMBed 
eetiietic reepcaiBe or choice of the female is invoked. Even though it 
be granted that ihe words tiiat we must make use of, bwrowed irom. 
human behavior, are such as to imply muidi more in the direction of 
eonsciousness and purpose than is desirable, and that most of the 
behavior of ftnimftU ^ould be stated in a more roundabout and 
objective way, yet the theoy will only work out on the assumption 
that the female chootet in some sense the mcne brilliant <x cBnamental 
(or ^ective) male, whether she is "conscious" or unconscious of 
intention. I doubt if anyone to-day would care to defend seriously 
the tikeory aa the grounds of coDsciousness or eethetie value oS the 
exhibition, despite the fact that Darwin's language often takm this 
turn and tiie less-guarded statemrata of scHne of his disdplee, such as 
Romanes, show tittle hesitation in anthropo-morpholi^^zing the entire 
situation. It is, however, not necessary for the working out tA the 
theory that this Cfnnplication be intioduoed into it, for if the fraoale 
is more likely to mate with a more brilliantly colored than a less 
brilliantly colored male, the theory may be made to apply r^;ardless 
of whether she is "conscious" or not of the difference to which she 
responds. 

But there are wei^ty aigumNits against such an interpretation of 
the behavior of the male and female during oourte^p. In the first 
place, there is almost no direct evidence to show that the fran^e mates 
with the more ornamental male. As this is the all-essential require- 
ment of the theory, the almost complete absence of facts in its support 
leaves the theory resting on a theoretical assumption. It can scarcely 
pass imnoticed that while there existe a lai^ mass of data deecribing 
the secondary sexual charact^^, tliere is practically nothing in this 
accumulation to show that the female makes her selection on differ^ 
ences in coloration or ornamentation. And on the other hand, there is 
some evidence showing that the female is ready to succumb to the 
a^reesiveness of the male rather than that she "chooses" him. 

The behavior of the male under sexual excitement is often described 
to be of a kind to exhibit before the female his peculiar adornments. 
That the "purpose" of his exhibition is to show himself tM b^ore the 
femide may be conceded, with reservations as to what is meant here 
by "purpose." That the male is conscious of the probable results of his 
ctmduct is scarcely probi^le tiie first time he eourted; but that he may 
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have foand oat ibe most probable reeult after the first attempt through 
"asBocdative memwy" is in accord with what the study of "animal 
behavior" has shown to be possible. In this sense purpose would mean 
a Une of conduct that experience had shown to lead to a certain end. 
Aitti«q>ati<Hi or far-mghtedness would henceforth characterize such a 
reaction. Here, however, we venture on very dubious grounds. But 
the diq^y of the male may be purposeful in a much simple sense. 
His activity may be an inborn reflex to visual or other sensoiy stimuli 
that is a part of his attack on the female, or posmbly a sedee of reflexes 
that we may raster under the old unanalyied tenns of "deore and 
fear." The action calls forth a reeponsive reflex in the female, toe 
the sexual act is not entirdy active on one side, passive on the other, 
but consists of a series of intoreactions on the part of each sex, which, 
if they pursue a given coiu-se, leads to the final mating. The mutual 
reeponses appear to f<^ow an automatic course in many cases if the 
in^viduals are sexually ready to mate and the environment is pro- 
pitious. Types of b^iavlor of this kind must be familiar to anyone 
who has observed domesticated and semi-dcmiesticated animals. The 
piupose of the display may mean no more than a reaction that leads 
to a result propitious to the perpetuation of the spedee if the situatitm 
is ripe for such an outcome. 

lluB conclusion still leaves open the question as to whether tiie 
disfday is more likely to be successful, if certain special charaetws 
possessed by the species are exhibited. In the absence of any sufficient 
evidence to show that this is so, and in the light of the very great danger 
of projecting "our human standards" into the world of other animals, 
and in view of the fact that related species without such marks are as 
successful in w>Mn twining tiiemselvee, I can not but think that at 
present we have a good deal to lose in the way of srientlfic procedure 
and nothing to gain of scientific value in accepting Darwin's inter- 
pretation of sexual selection based on the display of the male as fur- 
nishing an opportunity to the female to make the "best" selectim 
amoi^st her suitors on the basis of his adcffnment. 

An excellent opportunity to study the problem as to "choosing" 
by the female is furnished l^ the mutant races of DrowphUa, some 
of which, differing in a sin^e mutant gene, have wings as different in 
coloration as black, yellow, or gray, and eyes as differently cdored as 
white, vermilion, or red. Sturtevant put a yellow female witii a gray 
(wild-type) male and a yellow male. The male that first mated was 
noted and the trio discarded. The female "chose" the gray males 25 
times and the yellow only 8 times. In the control combination, where a 
gray female "choee" between the same two kinds of nudes, she took 
the gray male 60 times and the yellow male 12 times. In both cases it 
"appears " that the female " ptelesra " the gray male, but this deduction 
may ^ve an entirely wrong impression as to what is taking place, for 
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the remit would be the aame in kind if tbe gny nuto were more aotive 
and mated quicker. This was tested by putting a gray and a yriloir 
female with a gn^ mate wid then for o«itnd a gny and a yellow female 
with a yellow male. The result was as ftdlowe: 

"^'^\Y«ltoir9 ai '''*^ "^ tY«ltow 9 W 



Here the gray male mated slightly oftener with the yellow fesoale 
than with the other, whereas the yellow male mated much oftener with 
the yellow female than with the gray one. Both results are ^iplicable 
on tiie view that the yellow female, beii^ less active, is more easily 
captured by the yellow male than is the gray female. This view fita 
in also with the former experiment, where the yellow male is much less 
successful than the more active gray male. Such a conclusion gives a 
more consistent explanation of all the facts than does the theory of 
female choice, for on the latter we must suppose that the yellow 
femi^es prefer the gray males and the yellow male prefers the yellow 
females, etc. 

The following results were obtained by Sturtevant when red and 
white eyed flies were competing: 

^^ - /Had 9 64 , 
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The outcome can be inteipieted in the same way as the yellow-gray 
con^wtition. The red male wins by virtue of his greater activity, while 
the white female is chosen more often, especially by the white male» 
because (^ her passivity (or weaker rerastance). It may be claimed that 
these results do not show that the female does not choose, for such 
choice, if made, would be swamped by another conditi(»i of tite experi- 
ment, viz, the greater a^reesiveneeB of one kind of male and greater 
passivity of the other kind of female. This, of course, is true, but the 
experiment still shows that in these flies otjio* influences are so much 
greater than "choice" by the female, if it exists, that the postulated 
effect of the latter practically disappears fmm the situation. 

Mayer's eiqieriments with the large moth CaUosttmia promeihea 
furnish important information as to the factors involved in mating. 
The results are all the more significant from our present point of view 
because the coIchb d male and female are in this species markedly 
fiifferent. The wings of the male are black, those of the fonale reddish 
brown; the antemue of the male are lai^ and bushy, those of the 
fonale small and slKider. Mayer found that the males are attiacted 
by the female from some distance iriien the latter are put into a glass 
jar covered by only coarse mosquito-netting, but if the aame jars are 
turned iqidde down the males are unaUe to find the female. Femaloi 
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oonoeiJed in looee eotton attaracted males. F«nalee w«« put into a 
box with an open ebamaey at (me aid, the otiier open end being covered 
bymoequito-iiettiDg. AcurreotofairbtevintotiieopenKMlandoiitof 
tbe diimney. The males flev to tin end of tiie chimney from Trtiioh 
the air came and fluttered about in the ndghborhood. Males are 
attracted to (daces where a female has been kept evwi aereral hours 
after her removal. The male finds the female through the saute-organs 
in his antennK, for a male whose abdomen has been cut oR and the sides 
of whose thorax are covered with shdlac will still fly to the female, 
but if his antemue be coated with any substance he no longer seeks the 
fconale. If the eyes of tJie males are blackened they will mate with 
females "in tiie ncwmal manner." 

Mayer cut off the wings of fanales and ghied male wingp in their 
places, so that the female looked like a male. Mides readily mated 
with these females. The wings d males were cut off and fenuUe wings 
glued in their place. Mating oecuired "with normal frequency, and 
I was unable to detect that the female displayed any unusual aver- 
mcm" to such make. Males with female win^s pass unnoticed by otiier 
males. 

In a later paper (1901) Mayer and Soule describe how, when the wings 
of the male were painted scaiiet or green, the males were accepted 
as readily as normals in competition witii them. Experiments were also 
made by them with the gipsy moth. Wingless males met with more 
" resistance " from the female than do normal males, but when the eyes 
were covered Hke wii^ess males succeeded as often as the normal 
males, but the numb^ of observations on which this statement is 
were far too few to be of any value, and theare are several other obeer- 
vations tha.t make any such conclucdon from the evidence h^dy 



That it is the odor of the females that attracts the male can not be 
doubted. It might still be churned that the female chooses amongst 
her suitors the darkest males, but the evidmce gives no groimds for 
inferring such a choice, and mnoe she will even accept males with 
female wii^ when they attempt to mate with her, it does not appar 
jHobfible that the color of the male is a factor in the result, or at loist 
tf it is, then it must be oitirely subordinate to the sense of smell in 
finding the female and ci touch after he arrives. These is little or 
nothing in tin behavior of these moths, or in that (rf the silkworm 
motii, aceordiiig to ^Uo^, to surest t^t vision plays any mgjiifieant 
rMein eonrttdiip. 

Conoemii^ the genetic situation in insects, there are only a few eases 
ttiat have been studied. 'Hie most instructive are thoee in which mcne 
^an'a slng^ kind of male exists (two or three), one of idiich may be 
like the female, the other quite different. The beet workeid out eases 
an PapHio memhon and P. polytM. De Meijere and Pimnett have 



Digitized by VjOOQIC 



54 THB OBNXTIC AND THE OPBBATIVll BVIDBNGB 

shown from tJie breeding data ibat it is poenble to frame an explanation 
of such a sort that the aberraat female differs from the female resem- 
bling the male in onJty a single genetic factor — one not Bex-linked 
(i. e., not oarried by an X chromoeome), but autoeonuU. The gene 
would be of Buch a sort that it affects the female only — ^producing no 
viable effect on the male. Such a conclusion, if established, helps, 
theoretically at least, toward simplifying the situation in other species, 
for it shows that genetic factois occur whose influence is oa one sex 
alone; benoe tiie diff«a«nee b^ween the male and one type ot fonale 
does in such cases result fnnn a single gme present in both but causing 
tiiemtobedifferendycoloTed. lliere would be no need, then, to assume 
that the difference had been slowly built up by selection, but rather 
that the difference arose at some time by a ungle mutant step. The 
inowpMaticoi oi the step in the speciee would then follow if the ^ect 
of tile state were useful in mating or if it had scnne other primary 
significance for the welfare of the species, the different effect produced 
on the male and female being only an unimportant by-product of its 
action. On the other hand, it should be emi^ia^ied that because a 
nn^ factor differraice between the two kinds of fMnales will explain ihe 
gnwtic results, it does not necessarily follow tiiat tiie differraoe did 
arise as a sinj^ mutation. The f oregcung ai^ument does no more 
than imply tiiat tiie difference in question may have arisen in tiiis way, 
and if so, that the situation, as it exists, would be the more eae^ 
oompreheoded. 

In insects and spiders, where dimorphism is as marked as in birds, 
the mating habits hare been studied by a numbw of naturalists. Here 
also tibere are numerous accounts of the display c^ the male during 
courtship. The account given by Dr. and Mrs. Feckham are particu- 
larly detailed and call for careful consideration on account of their 
well-rec<^niiied accuracy in obeervational work. Mra'eover, as a 
result of their observations, along with those of Montgomery, Petnmke- 
witsch, and others, we have really fuller information ocHicaning tiw 
oourtship of spiders than of birds and of mammaU. 

In the great maJOTity of speciee where the sexes are differ^it the male 
is more l^ightly colored or more ornamental. For example, in a group 
such as the Attidn of France, where both sexes are known, the Peck- 
hams state tiiat in 26 cases the male is more conspicuous tiian the 
fonale; in 55 cases the sexes are alike, or if they differ the male is more 
conspicuous. It appears that in other genera there are cases where tiie 
female is mare conspicuous than the male. The Peckhams state that 
posubly AS many as 250 species are in this condition. Those females 
witii brighter edon than tiie males are usually well armed by strcaig 
^MJMS. When very young they are like the males and be^ to assume 
the adult form and ctAae iriien they are a quarter to a third grown. 
Whethffl the change depends (m changes in the ovary is not known. 
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The mating behavica* of SaitU piiJex,& epedes in which the males 
and fonales are much alike, is described by the Peekhams as follows: 

"On May 24th we found a mature female and pUced her in one of the larger 
bcuDW, and the next day we put a male in with her. He saw her as she stood 
perfectly still, twelve inches away; the glanoe seined to excite him and be at 
OQce mo^id toward her; when some four inches frtmi her he stood still and 
then h^an the most remarkable perfonnanoee that an amorous male could 
offer to an admiring female. She eyed him eagerly, changing her position 
from time to time so that be mi^t be always in view. He, raising his whcde 
body on aoe ade by strai^tening out iite legs, and lowering it on the other by 
foldmg the fiist two pain of legs up and under, leaned bo far over as to be in 
danger of losing his balance, i^ch he only maintained by sidling rapidly 
toward the lowered aide. The palpus, too, on this side was turned back to 
conesptuid to the direction of the 1^ nearest it. (fig. 13.) He moved in a 
semi-circle for about two inches and then instantly reversed the positifm of the 
legs and eirded in Uie oapoaite direetitm, gradual^ ai^noaehin^ nearer and 
neaier to tite female. Now ahe dashes tonwd him, while he, raising his first 
pair of l^iB, extends them iqnraid and forward as if to htdd her off, but withal 
slowly retieate. Again and a^ain he eiroles trom side to ade, she ganng 
toward him in a softer mood, evidently admiring the grace of his antics. This 
is repeated until we have ooonted 111 circles trade by the ardent little male. 
Now be aj^mkaehes nearer and nearer and idien abnost within reach whirls 
mad^ armmd and around her, she joining and whirling with him in a ^ddy 
maae. Again be falls back and resumes his semi-circular motions, witii hw 
body tilted over; she, all excitemrat, lowers her head and raises her body so 
tiiat it is almost vertical; both draw nearer; she movee slowly under him, he 
crawling over her head, and the mating is accomplished. 

"After they have paired <«ice, the preliminary oourtehip is not so long. 
When this same pair mated a second titoe, there was no whirling movement, 
nor did the femiue lift her body, as at first." (pp. 37-38).^ 

The courtahip of another spedes, DendryphantM capital, in wluoh 
the sexes are entirely different, is deecribed as ft^ows: 

"The males of eapitatua are veiy quairelsonte, eparring whenever they meet, 
chasing each other about, and sometimes clinching. It is a very abundant 
qnder witit us, so that we often put ei^t or tea malee into a box to see them 
n^t. It seined ervti ^>ort at first, bat it was soui wporent that they were 
vety iMudent little fetloWB, and were f uUy conecioua that ' he who fights and 
runs away will live to fight another day.' In fact, after two weeks of hard 
Pght-JBg we were unable to discover one wounded warrior. When the males 
are B4n>roaehii^ each other, they hold the first legs up in a vertical direction. 
Sometimes they drop the body on to one ode as they jump about each otb^. 
Tlieee movconent ate very quick, and they are always ready for a passage at 
arms. When courting the females they have another movement. Iliey 
u>proach her rapidly until within two to five inches, when they stop and extend 
the first legs directly forward, dose to the ground, the 1^ being slightly 
curved with the tips turned iq>. (Fig. 18). Whether it be intentional or not, 
this pomtitm serves admirabfy to expose the whole of the bronse and white 
faee to the attentive fcanale, who watdkss him doaely fnnn a little distance. 
(Fig. 19.) Hie males also give thur palia a circular movement, much as a 
perem does when washing lus hands. As be grows more excited, he lies down 
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on <Mie Bide witli his legs stiU extended. These uitu» an repestod for a verjr 
kmg time, oftoi for boura, irbai at last the female, either woo by his beauty <x 
worn out by his petsiateiioe, accepts his addresses." (Pp. 45, 4S.) 

In another apeiAoB, Dendryjdtantu etegima, both naaes are tnilluBtly 
wdored. 

"The male is covered with iridescent scales, his ^CDeral cdor being green; 
in tibe female the ooloring is dark, but iridescent, and m certain lights has lovely 
rosy tmtfl. In the sunlight both sbioe with the metallic qdendw of humming 
biros. The male akme has a superciliary fringe of hairs on atber aide of hia 
head, his first lap bong also loooer and more adorned tttan those of his mate. 
The female is much lais^, and ner lovelineffl is acoonq>anied by an extreme 
irritability of tempo* iduch the male seems to regard as a ccHistant menace to 
his safety, but his eagemees being great, and his manners devoted and tatdo', 
he gradiul^ overcomes her oi^Kisitioii. Her change of mood is only hrou^ 
■bmit after much patiwit ooiuting on his |iari. While from three to five 
inches distant from her he becdns to wave his plmny first legs in a wi^ that 
moinds one of a wind-milL She eyea him fieroely and he keeps at a |»oper 
distance fw a kuig time. If he ocmes close she diwhes at him and he quujdy 
idnats. Sometimes he beoomee bolder and vhen within an inch, pauses, 
with tiie first legs outstretched before him, not raised as is commoti in otiier 
neines; the palin also are hdd stiffly out in front witii the punts together. 
Agtin she drives him off, and so the play continues. Kow the male grows 
excited as be apixxnches ber, and wbik sull several inches away whirls coin- 
{4etely around and around; pausing, he runs closer and begins to make his 
abdooen quiver as he stands on tip-toe in fnmt <rf her. dancing from side to 
side, be ffowa bolder and btddn*, while she seems less fierce, and yielding to the 
nuitement lifts up bo* magnificently iridescent abdomen, holding it at one 
time votically and at another sideways to him. Sfae no longer rushes at him, 
but retreats a little as he wproechee. At last he comes dose to ber, lying flat, 
witii his first legs stretched out and quivering. With the tips of his front legs 
be gently pats ber; this seems to arouse the old demcni of resistanoe, and she 
drives bun back. Again and again be pwte ber with a caresang movecaoit, 
gradually cne^ting nearra* and nearer, which she now permits without resis- 
tanoe imtil be crawls over ber head to hex abdomen, tar enougb to reach the 
qMgynom with bis palpus". (Pp. 46-47.) 

If we lay no emphasis tm the implied emotional demoitB in the 
behavior of the efpid«B in this description — terms of emotion borrowed 
direct from himun psychology — ^there still remain the several types 
of apparently significant reacticms associated with courtship. The 
Btatements leave no room for doubt that \imm plays an inqKHtant 
i<de in tikB complex reflexes tiiat lead gradually to successful mating. 
'Hie Pe<^hams inrast that the display of the male is always of a kind 
to bring bef<»re the finale the special adornments of the male in what- 
ever part of the body they may lie. The chance of subjective inter- 
pretation here is so great that tmless the results are carefully checked 
up by studies of the attitudes assumed by malas in speasa in vimii 
ttie males are without ornament, their interpretation must be taken 
with the greatest reserve. Assigning, as our authors do, so much by 
gratuitous implication to the emotional side of the incture pngudices 
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one, periiApB too greatiy, against aaeepiang a speaal (evtsi an imidied 
intimtioiial) exhibition c^ ttie spedalfy csnamoited parts. On the 
other hand, if it be ocHioeded that ttie coDBtueuousnees oi tiie male is 
an dement in the leaetkin, the v^y qMcial adwnments viable fnun 
the front mig^t be su[^>oeed to enhance the effect produced in the 
female. Similar displays oi special oniamentalion in ttie male have 
been deeenbed both for birds and insects, but here, too, the questirai 
has been raised as to nheQur such ezhibiticais are mtve Uian an 
accidental acctniqianiment oi the poeturing of the male, far tfie same 
kind of behaTitnr is known to oecor in other cases i^era the male is 
unomamented and reeeanbles tbe female. Had such a male special 
ornamentation it would no doubt appear to us that his behavior was 
"calculated" to diq>la7 his ornaments. 

Dr. and Mrs. Pet^ham point out thaJt thar obswatatHis are entirely 
incoDsistait with Wallace's intcrpretataon of the oii^ of seetmdary 
sexual charactos. Tliqr find no evidence in favor of his view that the 
male possesses greats "vital activity." On the contrary, the female 
is the more active and pugnacious cd the two. Th^ idso object to 
WaDaee's statement of a total absence (d any evidence that ttte female 
notices the diq>Iay of the male. In Binders the females "obBgne" tiie 
males witii close attentioD during their courtship. They point out also 
tiiat, in quders at least, as Ute female gradual^ beoomes adult, a male 
if preferred will have a chanee of mating with several females, "and 
as the mating season lasts tat two at three weeks the more brilliant 
males may eaaly be selected again and i^un." In regard to Wallace's 
ai^ument as to the distribution of accessOTy plumes in humming birds, 
the Peckhanu point out tiuit — 

"The pectoral muscles reach their hi^iest development in the humming- 
birds, the diurnal birds of prey, and t^ BwallowB, and we may, therefore, 
fairly use these groups to test Mi. Wallaoe's exphuiation of breast plumes. In 
the BvallowB and l»ids of [M«y we find no anch appendages, in spite of their 
further c\aim to them, on the ground ol great vigor and activity. As to the 
humming-birds, we find in the genus AffUBoeUs tax species with more or leas 
devel(n)ed breast-plumes, which are also found in nine other species, scattered 
throu^ different genera — in all, only fifteen apeaea out (A (our hundred and 
twen^-siz; while we find in fifty-mx spedee the lei^thened and mod^ed taO- 
feathras, wtdch, aco(»ding to Mr. Wallace's view, should be peculiar 'to the 
GalUnacen. 

"Again, tiiere are elongated featiiers from the throat or from the aide of the 
nedE ui thirty>five qwcies, white seventeen have crests from the top of the 
head, and seventeen, downy puffs from the tarsi." * 

From Uiis brief survey of the family we see that, contrary to what 
we should expect from Mr. Wallace's theory, although the breast 
muscles are the seat of the hi^iest activi^, breast plimies are the least 
frequent of all the icnoB of omam^ital plumage. 
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"We may fairly say, then, that the hiimming-birda comi^tely refute tbe 
proposition that there is any relation between we development of color and 
acoeflsory plumes and 'surfaces where muscular and nervous develoinuent is 
considenible.' "* 

What is true for birds is even more obvious for spiders where the 
special cnnaments are not confined to parts of the body with hi^ 
muscular development, etc. The writers make the very pertinent 
criticism that while Wallace objects to f*«"jning the eonotional states 
in females, he is less careful in r^;ard to the males' emotions when he 
qieaks of tite display "imder the influence of jealous or sexual excite- 
ment The males, in th^ rivalry with each other, would see 

what pZum«8 were moat effedive; and each would endeavor to excel hit 
enemy as far as voluntary exertion would enable hint"* 

"It the males have so complex ao emoticm as }ealouay, and further, if th^ 
an coiscaoua of the value of tlie [Jumee, may it not be asked why the female is 
unable to 'see what plumes are most effective?' The meaital state in tbe male 
is wil^out wftiming tmlesB we nippoae tbe female to be affected and pleased." 
(Peckfaam, loe. cU., p. 144.) 

In r^ard to another interpretation <d the courtship, the Feckhams 
point out: 

"Mr. Pocock has suggested that the attitude of observant interest aa the 
part of the female q^er might be takok to indicate that she was preparing to 
spring upon her mate and devour him; or that it migbt simply meuk that she 
was waru^ guarding herself from his ^Ktroach.- Neither of these suppositioas 
is admissible. In some apedea the male is not attacked by tbe female, and 
when she does wish, as frequently happens, either to avoid <x to deatrc^ him, 
hex attitude is totally different. In tbe former case she turns about and runs 
rapidly away, or suspends herself by a thread tA web. In tbe setxmd, there is a 
contraction of all tbe muscles, the uga are drawn toother, and in this crouch- 
ing position she creeps slowly toward him, as she might if he were a fly, <Hily 
with sometbing more malipuut in her aqwct. When she takes this stand the 
male incontinently flees. When, on the oontruy, the female is interested in 
t^ male display, she seems perfectly absorbed in watching him, the muscles 
are all relaa^, unconscious of herself she directs her glance now here, now 
there, as he moves about; as he continues his mad antics, her i4>pearance ^ves 
eveiy indication oi pleasurable excitement, and as he comes closer and cJoser, 
she yields herself to the impulses which be has awakened in her, and, as in 
Wflex, joins in his dance and whirls around and around as though intoxicated. 
We cuum, then, to have completely answered Mr. Wallace's first objection." 
(Peckbam, loc. cU., pp. 145, 146.) 

Finally, in regard to the specific characta" of the display oi the 
males, the Feckhams make the fcdlowing significant statement: 

' Amonc Um >no«t lonuk^ile at tlkii wonderful bmily an du lUDe ipodM trf aoqoattca (Lofh- 
«tm»), lAidi Imts clon^tad taaUMrt, with matallio tip*, iiMiiiiiiic from ths adea of the naok; 
Mww hsTa bUo bcMiliful trtm*. (Oeoria W. and EUaabetli O. PeoUum., Addltkmal ObMrrs- 
tkma mi 8«nua Sdootlon in fliadsi of Uis FunOy Attida., Nat. m«L 800. of WiaeaaMn, ISSB, 
vol. I, pp. 141, 142.) 

■TropiMi Nature, p. 3ia Hm HaUM an ovn. 
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"The spider hw four pun of legs, and all are eqiia% available for display 
€)r locomotion, and mnce all tiie movements are slow and on t^ ground they 
are entirely open to observation and study, and we are thus in a position to 
decide by facts whether their activity is simply ao outlet for superfluous 
enei^, and therefore meaningteaa, or imtbor tfawe is a purnoee in it. If the 
purpose of the antics is only to let off energy, then we should expect one pair 
to be flourished around quite as often as another, and that the pair flouriuted 
should as fret^uently be aae that was not ornamented as one that was; and, 
moreover, their movonents ou|^t not to be of such a nature as to dinil^y the 
color or ornament m<He frequently than tfae law of chance would e:q>uun. If 
tite spidM- afanost always moves tin ornamented legs, and in such a way, too, 
as to bring out their beauty, it would aeem to us, to say the least, hi^^ily 
imi»obabIe that the dance of the spider was merely a meanin^ess overflow <rf 
sun^w energy. Such an e^q^anation leaves much Hat needs raidanaticm. 
The facte are, that the best foot is put forward; and this is just what Darwin's 
tiieory requires and explains. Under Mr. Wallace's view the facts axe inex- 
idieable. The better to show that these mevementa are not simply meaninf^ 
less outlets of hi^ Ticor, we illustrate the several positions by figures taken 
fnan nature (figs. 7-12). The figures would seem to prove that the legs that 
are ornamented or Mmtrasted in eoka are also the le^ that are usually flour- 
ished; that where none of the legs have special ornament, then all are tued; or, 
as sometimes happrau, when an unomamented leg is used the movements are 
of such a character as to display some ornament that would otherwise have 
been more or lees hidden from the female." (Peckham, Uk. eit., p. 147.) 

In the tarantula, Petnmkewitsch finds that sight plays no r61e in 
mating — ^tliat it is due entirely to accident^ contact betweok the male 
and female. Here the sexes are closely alike, eoccept tta a pair of hooks 
on the front legs of the male, by means of which he grasps Uie mandibles 
of the female, holding them durii^ the etabrante process of buns- 
ferraice to her genital opening the sperm that he has already coUected 
in the gmital spoon on his palpi. The hooka serve to guard the 
male agEunst injury or deatii, while at the same time tikey aid hitn in 
the act of ocntuB. 

In a common spider, MtBvia mUata, two kinds of males exist. Botb 
have been seen to mate with the same female. No preference is given 
to eathw type. The difference between them, according to Painter, 
is ocHinected wit^ or caused by an additicmal pair of chromosomes in 
the gray male. The two types may therefore have no connection with 
sexual selecticm, but be directly due to a difference in the chromosome 
group. 

Montgomery, who made observations on the courting habits of 
several q>ecies of spiders, states that his "general theoretical con- 
tusions were quite different from those of the Peckhams." It turns 
out, however, tiiat his objection to their view is based entirely on th^ 
assumption tiiat the male is conscious of bis display and that the 
female is guided by an esthetic sense in selecting the more beautiful 
male. It should be pmnted out that even after tba ronoval oi these 
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gratuitous assumptions as to the cause of the evolution of the male 
and female, enough still remaiiu in Montgcmiery's own observations 
to include his results on courtship under Darwin's theory c£ seiiial 
selection. For example, Montgomery Eetyn : 

"The adult male is excited vmultaneoualy by fear of and desire for the 
female, and his courtshro motions are for the meet part exaggerations of ordi- 
naiy motiCHiB of fear and timidity. By such motitms he advertises himself to 
the female aa m male, but there is no proof that be conscioiuJy eedcs to arouse 
ba eagenMHB by esthetic display — there seems to be no good reason to bdd 
that tibe female is actuated in her choice by Benaations oi beauty. .... 
Thus my opinion was opposed to Darwin's theory." 

Now, it is obvious tiiat if a mxae bristly colored male has a better 
chance of "advertisiiig hims^" to the female all the essential require- 
mentB of Darwin's tiuxxy are fulfilled, regardlees of whether the male 
isoonBeiouflof hiacHrtamentatknKvthefemaleinakeeuM of an "esthe- 
tic Bense." In another passi^ (p. 173) Montgcnnwy coneedes all 
that any modem critical advocate of Darwin's the«y is lik^ to adc: 

"We have previously seen that consckNis aesthetic choice by the female 
probably does not account for such male dutracten [eeoondaiy sexoal <hanu>> 
tera with timr 'ocmsineuous color maAin^']; tiiat they an aooocdingty, 
probably not due to sexual s^ecticHi. llMse characters of the males may be 
most readily explained as being conceived by mnple natural selection. I^cu- 
liar ornamentation would be selected because unusually greater sex recogni- 
tion therefore prompted mating." 

It is evident that Montgomery has onlyshifted the dtuation,althou^ 
to advantage, I think, but is essentially in accord with Darwin's theory 
(rf sexual selection, despite his protest to tiie contrary. The difr««ioe 
lies in Darwin's and especially in the Peckhams' use of tiie term 
"choice," "aesthetic sense," etc., to stand for the fact that the female 
maate promptiy mates (as Montgomery prefers to put it) with a maie 
peculiarly ornamental. 

The most critical observations on sexual selection tiiat have been 
made in the group of insects are tiiose by Sturtevant on the pomaee 
fiy. The courtship is described as follows: 

"The first and most noticeable act in court^p occurs when tiie male, being 
Dear the female, extends one wing at about right an^es to his body, and 
vibrates it for a few seconds. The wing is then returned to thenormal poeitian 
and tiuB process is repeated, usually with the other wing. But between times 
thwe is a scisscwsJike movement of the wings repeated several times. This 
vibrating of the wings is often repeated many times, and may be d(nte in any 
positum relative to the female, though the male always faces her. Usually, 
m fact, he swings quickly around her in a semicircle (mce, or oftener, during 
the process. Soon the male b^im to protrude his genitalia and, if tiie female 
remains quiet, to li<^ her posteriOT aid. StMue white matter now protrudes 
from her ovipontw, and outer males in tite same vial are usually ofaeerved to 
beoome excited now and begin courting, indicating odor as a cause cS sexual 
exdtement. If the female runs <w flies away the male is excited, u»ves lus 
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win^ jeikily, and walks around n^udly, but serans unable to follow the female 
accurately or to locate ha: quickly. Tlie penis is directed forward by beading 
up the aodomm undemeatii, towards the tiiorax, and is jerked toward the 
female (the male always standing facing her at this st^e), but not always 
toward her genitaUa, as I have teca it strike her in the eye. (The male m 
this ease, however, had irtiite e^, and so was perbi^M bUnd. Normally the 
aim is accurate.) If it does stnke the mark the niale mounts on the feinale'a 
back, between her wings. Mounting never takes place imtil after the actual 
eopulatioD has occurred, in which respect Drotojikda differs from some related 
fiiee (e. g., Muscidse, Antbomyidse, Sepeide, Borborids, and Ephydride, so far 
as my obserratiiMffi go). In these forms tbe male flies and li^ts on the female, 
after frtiich copulatitm may at may not take place, probably depending upon 
the way Uie female re^Mmds." ^ 

To test whether the wings have any Bignifieanm m courtahip, the 
wingB of a nude were dipped crfl and he was put into competdtion with 
a normsJ male iA the same stock, age, and siae. A virgin female 
sexually mature was given to these two males. The normal male 
mated 72 tamee before t^ other, the clii^>ed male 53 times. It mi^t 
appear that the f«nale selected the narmal male in pr^erenoe to the 
clipped one, or possiUy that the male with normal wings drove the 
o^er male away. That the t^Mration on the wings may have an 
iafluewM on the male himself is ^own in McEwna's reeults. He found 
tttat el^iped males lost tiuar heliotropism. It was also poasiUe diat 
the courtship of the normal male mi^t make the female ready to 
copulate and then she would mate with either male. 8turtevant 
tested the last supposition by placing mngle pairs in vials, testing each 
day an equal number of normal and clipped males. The length of 
time b^ore copulation was noted. The cUi^>ed male began to court 
as soon as the nonnal, but a larger number of normal males mated in 
the fint 12 minutes than clipped males (59 to 25). Had the females 
discriminated against the c]ii:^>ed males to ui equal extent we would 
have expected a much greater excess than 72 to 53 when they were in 
competition. It appears, then, that the wings are useful in shortaung 
the time between the meetit^ of the individuals and copulatitm. The 
display acts, faowerar, almost as favorably for the other male as for 
the Gochibitar himself . llieresultSBhow, therefore, that here an esthetic 
Bsnse (A the fwnale need not be postulated, for she actually shows little 
preference when she has been brought to the point of mating between 
tile male that aroused hor and ^e other male that did not. This 
critical test puts the problem in a different rdation from that which 
Darwin's thecsy of female choice was meimt to throw li^t upon. 

The revose experimenti — a dipped and a normal fnnale of the same 
age, size, etc. — showed that the male did not discriminate between 
them, for in 52 first trials the nonnal female was paired with 25 times, 
the clipped 27 times. 



Digitized GvGOO*^lC 



fS2 THE OKNVnC AND THII OPXRATIVll ETIDBNCB 

PART HI. 
THE GENETIC AND THE OPERATIVE EVIDENCE. 

The genetic and optxxtive evidence ahows that ibexe has been 
tnehided under the general tenn "Beeraidaiy sexual cfaantcten" a 
complex of casee that are the outcome of diveree i^yntdogioal {vooesses. 
Sex-linked and sex-limited characters have oftoi been confused; some 
characters d^tend on Uie gtmad; stxne of these involve the ovary, 
others the testes. Still othwdiaractcm fall undrantme of these grotqie, 
but are the direct product of the male or f onale g«ietie constitution. 
It is not Burpriring, iherdcae, that theories proposed on the informa- 
tiaa derived fnonoertain of these data are ooDtroverted by informaticot 
derived from other data. The tJieory of sexual sdeetiim, In its attoiqtt 
to bring all the facts under one point of view, has not escaped tinBm 
difficulties, even althou^ it may be said that nedther natural sdectkm 
not sexual setectirai is concerned with the origin or even the kind oi 
vaxiatims with which it works. Neverthekes, the latter theory, by 
igQ(Hruig the origin ot the physioio^cal prooeas oonoemed in the 
^oduetim of seoxuiary sexual charactos, may make assumptions 
tibat are difficiilt to harm<miie mth tito facts in liie case, and we shall 
find sevend instances of this sort. Fear example, if the hen had selected 
the cock for his fine plumage (which, aa we have seen, depoids in part 
on autosomal genes producing tlieir effect without the cot^Kration of 
t^ testes), she would be expected to raidow herself with t^ same 
adoimnents (if her sdeetion worked), imlees her ovary were already 
produdng scnne substanoe inimifAl to those tiiat she is "calling f<vtii" 
by sdection of Uie male. The inroblem is evidently, then, more com- 
plex than appears <m the sur&oe, and is not so simple as it seemed 
when these essential facta were unknown or ignored. 

In the case of other thecnies, such as ihaea of Wallace and of Cun- 
ningham (that appeal mcve directly to the causes that are producing 
the vaxiatiou out of which the seramdary sexual charactos are built 
up), the absence of information, phym<do^cal or genetic, has only too 
often given these writera the opportunity to speculate without tiie re- 
straints iduch a more recmt knowledge of the facts has imposed on us. 

It is obvious from what we have learned that we shiUl have to proceed 
with more caution in disentangling the evidence befc»e we can hope to 
"explain" it. Despite the meagemees of our present informatitm, 
enough has been found out to indicate that we must be content for 
a while with tentative and partial explanations even in the beat- 
known casee, and we must, I tlunk, be prepared to admit that no one 
tbibOTy may be able to account for aU of tha secondary sexual differences 
tliat exist between the sexes. 

The genetic evidence shows, in the case of cock-feathering vertut 
hen^eatlffiring in Inrds, that <m^ one or two Mendelian factor diffw- 
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enceB are involTed. The result may seem to mean that the secondary 
sexu^ eharatiert themselves have been acquired hiBtorically by a sin^e 
evolutionary step, and that in consequence the opportunity for sdee- 
tion to have accomplished such a result has heea enonnously facilitated. 
Such an aigument rests, however, as we know to-day, cm a false intei^ 
{notation of Menddian heredity. What the evidence really shows is 
that (MM or two genes if present cause the testes to produce some 
substance that prevents the cock-feathering from developing. The 
genetic ctonplex may require & hundred or a thousand or more special 
iscUxi that are directly and indirectly ctmcemed with the development 
of tisfO cock-feathering, but one or two other tactare may suffice to block 
tiiis machinery; or, to change the metaphor, these dominant factors 
may be no mme than so much sand poured into the clock. The clock 
may have been slowly built up historically by many contribujxny 
" fact<H«," but a little sand may spoil its activity. Similarly in the hen 
something produced by the ovary prevents the fullest possible genetic 
action 6T>m taking place. Hem at present we do not Imow whether a 
angle factor or a hundred "special" &ctors are necessary to produce 
such an inhilntion, but if, as one would like to suppose, it is ihe same or 
partly tiie same genes involved in the ovary, and in the testes of hen- 
feathered males, then a relatively few, one or two, factcra will suffice 
to bar cock-feath«ring fnnn the female. 

In a case like the clovo' butt^y, where the genetic relations work 
out on the theory at one pair d factors that produce two types of 
femfdes and one type of male, it seems more reasonable to infer that 
such a difference has not been sloTriy acqiiired by many smaller muta- 
tional changes, because the two types are not adapted to live imder 
two different environments for which their differences fit them respec- 
tively, but to live in the same environment. It has never been claimed, 
so far as I know, that tiiese two types of females have arisen through 
some males preferring one, some imother kind of female, so that even 
although it may seem probable that the genetic situation is simple, 
the simplicity can not be turned to the advantsge of the theory of 
sexual selection. It is unnecessary to discuss furtiier the origin of the 
factor or factors suppressing the development of one type in the male 
or the probability of the multiphcity of such factors. In the case of 
such species as PapQio memnon and P. polytes, with three types of 
females, the ntuation is the same as above, with the addition of the 
theory of mimicry, that "exphuns" some advantage accruing to each 
type of female. Since the latter is only a form of natural selection, 
we are not further concerned with the change here. Punnett's excellent 
treatment of the problems involved in his recent book on mimicry 
brings the subject down to date. 

Meager as is the genetic and surreal evidence at present, it is enou^ 
to show that cmly by further w<»1[ along these lines can we hope to lay 
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a firm foundaticm for a scientific study cl ibe subject. It is equal^ 
important that critical evidence be obtained in regard to the effect (« 
the female ot males of different types in competition. The instiueUve 
reactions of ^nimAlB in these respects, th^ first reaction, the aaso- 
inations that may or may not result, are practically an <^ien field ftx 
investigation, llie entire equipment of human psychology ol the ra- 
trospective school, that has been appealed to for help in a situatiok 
itself little understood, reads (rften more like fiction tiian like stuence. 

So fsr as one branch <^ the subject goes — tiie possible intarpretati<ni 
of (Huamentation in the male — there aeon to be two ways at least in 
wiiich tibe subject calls for inunediate investigation : First, if it can be 
shown that, atiiK things being equal, a nu»e adcamed male rouses Um 
female to promptw mating, it may be inferred with Bome probabili^ 
t^t in the long run such conduct would lead to the establuhment of 
the more effective individual, but this would not be true unless tiie 
males mate, as a rule, more than onoe, for any advantage that mif^ 
accrue to a more omamraited male would not affect the coune of ev<du- 
tion of the species if every other male found a mate too. Second, if it 
oould be ^own that the special wnatnentation of the male is only <Hie 
of several effects of a gene iriioee main effect is in some other direetioa, 
then the advantage gained throu^ natural selection in tiiis other 
direction would carry in its wake the advance in omamentatitak, and if 
tile change affects one sex more than tho other, owing to the difference 
in the genetic complex of tiie two sexes, it would be called a seoondaiy 
sexual character. 

A. Evn»KCB FEOH Maiouu. 

Owing to tiie differences in tiie secondary sexual characters of dif- 
ferent breeds of ehe^, we have more genetic information about such 
characters in this group than in other groups of npftinTWAlti F(»r- 
tunately, also, in some of the breeds both castration and ovariotomy 
have beeoi performed, and consequencely we are in podtion to utilize 
both sources of information for interpreting the situation. In certain 
breeds both males and females have horns (Dorsets), in which case the 
horns of the male are larger than those of the female. In other breeds 
neither males nor females have horns (Suffolks). In still other breeds 
the males have horns and the females are hornless (Merinos and Herd- 
wicks). The clearest evidence that we have, both genetic and opta- 
tive, is that obtained by Woods, as reported by Bateson, in which 
homed (Dorseta) and hornless (Suffolks) breeds were crossed. In the 
Dorsets, where botii sexes have horns, tiiose of the male are ]axger than 
those in the female. When the young male is castrated the horns 
develop, but only as far as in the female. It appears, therefore, Uiat 
the presence of the testis, {unbably through some secretion from it. 
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contributes to the devdopment of the hems. The otiwr race, the 
Suffolks, have no horns in either sex. Castration producee no change 
in timr homlees condition. 

When a Dorset ram is crossed to a Suffolk eve the sons have honw, 
the daughters lack them. The reciproc^ cross gives the same results. 
The factor or factors involved are therefore not sex-linked. When 
the Fi'b from the cross or from its reciproc^ are inbred, four classes 
of (^spring are i»t)duced, namely: Homed male, 3; hornless male, 1; 
homed female, 1 ; h<»nle8s female, 3. The ratios, as above, are apinroxi- 
mately 3:1:1:3. 

A mmple Mendelian explanation covers the results. we assume 
tibat the Dorsets, both male and fem^e, are homozygous in a Victor 
for homs, H, that is not in the sex chromosome, and that the Suffolks 
"lack this factOT," i. e., that they have an allelemorphic &ctor tor 
homleesnesa, the g^m-^ells are H-H and h-h, respectively. Only 
one kind of individual, Hh, results in Fi. Since the male with this 
formula develoiK homs, we must conclude that the presence of the 
testis (through its secretions) causes horns to develop, while in the 
finale oi this same composition homs are not produced because of the 
absence of tJne testes. The sex-ceUs in these Fi individuals are H-^ 
and H-h. Chance meetii^ of these gunetee will give 3 classes of 
individuals, irrespective of sex, namely, (1) HH, (2) Hh, (1) hh. The 
expectation for the males is that those of the compomticMi (1) HH and 
(2) Hh will develop homs, while those of the oomposition hh will not 
develop horns. There shtnild be 3 homed to 1 hornless male. In the 
females we expect those with the composition (1) HH to develop 
homs, Btnoe they have the same formula as the pure Dorset; those with 
the formula Hh axe not expected to develophoms, because theFi females 
ci tills c(nnpoeition do not have homs; those with the formula hh are 
not expected to devdop homs, because they have the same composition 
as have the pure Suffolk. 'Htere should be 3 hornless to 1 homed 
female. Combining both sexes, the expectation f or Fi is 4 homed to 
4 hornless. Arranged according to sex, these give the classes realized: 
Homed male, 3 ; hornless male, 1 ; homed female, 1 ; hornless female, 3. 
lliat this- is the correct explanation is bcffne out by back-crossing the 
h(»nless Fi female to a htHnlees Suffdk ram. Tlie former has two 
kinds <^ gametes, H and h, the latter onl^ gametes that bear the h 
factor. Half the sons should be homed, half hornless, because half of 
them are Hh and half hh. But none of the daughters should have 
homs, because nather the Hh nor the hh femates produce homs. Hiis 
is the result realised, vis, 3 h<vnless offspring to 1 homed. 

The preceding a4»ount of the inherit^ce of the factor for horns is 
based on the combination of Dorsets and Suffolks used by Wood. 
That otiier conditions may exist in other breeds and even in races of 
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the nine Iweed » daimed by Ariidl m a raeult <rf a large number «f 
eroHBee tha.t he has carried out. He statee, for inetanoe, ibai in the 
great Merino claae, with ite various sub-breeds, then an flodn in 
which the make on^ are htniMKl, but evw here thm may be individual 
make that are hornkes "and at timee the femake may ako show some 
eigne of horn growth." In Amoica, AilfiU states, there are three 
types of Merinos — the American, the Ddaine, and Uie BambouUkt. 
He quotes Fhimb (Typee and Breeds <£ Farm Animals, Boaton, 1906) 
as stating that "the American Merino ram curies heavy, ^anUj 
twisted hams, but the ewes are homlefe; .... that the rams of the 
Nati(»ial Standard or Victor-Beald Ddaines may cv may not have 
horns; tiutt the Diekinaon Delaines may have small h(Hiis,but a pcAled 
head is preferred," etc. These conditions suggest that there may be 
more than a nngje factor for horns in sheep or that there may be 
modifying factcHs in certain breeds. In fact, Arkell and Davenport 
attempt to cover the results of Arkell's experiments by assuming Uiat 
there is an inhibiting factor for haxtm that is carried by the sex ehrcHno- 
some. Such an inhibit<H- (I) would be double in the XX finale and 
angle in the X male. It is assumed to be incapable of prevraiting the 
development of home in the heteroxygous Hh male, the inhibit<H- being 
there mmplex(t.€., one I), while the double inhibitor ia capable of prevtmt- 
ing the horns in the heterozygous (Hh) condition, but not of preventing 
tiie development of harra when the htMnozj^ous (HH) ctmdition 
occurs. There are several objections to this scheme: first, that there is 
no evidence that a aex4inked inhibitor is present that affects the haut- 
less breeds, for the evidence indicates rather that there is no factor far 
hrans present in them, at least in the Suffolka; second, the peculiar 
balance between the factors for horns and the inhibitor seems an 
ocbvmely artificial statement. - Art:ell and Davenport intimate that 
races witii hraned males and h^nlees females do not eadst in a pure 
state. That breeds impure in these respects may exist need not be 
denied, but that pure races for such a dimorphic condition do exist 
seems probable. Gastk states, for instance, that he knows at first 
hand of such races of Merinos. Gastie also states tiliat castrated Merino 
rams in this race do not develop htHtis, and this result is in accordance 
with statements made by Marshall for Herdwicks (a race with homed 
mides and hornless females). Under the circumstances it is certain 
that the presence of the tc»tes is one oi the factors in determining 
whethw horns develop at all (as in Merinos), or in determining the 
extent to which they develop (as in the Dcnsets), rather than that the 
difference between the sexee is due only to an inhibiting genetic foctor. 
Nevertheless, it may be well to keep open the possilulity that there may 
be diffa«nt factca^ for horns in different races (aUetcan<vphs or others), 
CT conversely, that ihe genetic ocHQpositiMi ot the races is different, the 
factor fOT h^ns remainii^ the same, but producing a different effect. 
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It m^ be pointed out in peanng thai if, as Arkdl usuinee, the 
hornloi rues an doe to the pr a w n c e in ihan of an inhibited for honu, 
the EVBuhs ean be wraked out without poetalating ttiat tibe inhibitor 
is Mx-Jinked. For eiami^, if the hanskM male and female be HHII 
and the homed male and female HHii, tiie Fi h<»Ded males and 
horafew femalefl wiD beHHIL The ge nn -ee l b will be HI and Hi in 
eadi flsx, whi<di, by dkanoe meeting, as shown bdow, gives the resultt 
obtuned by Wood. Thus: 



lHlHI+2, Hmi +i, wrm , 

These formula give 3 homed males, 1 homlese male, I homed 
finale, 3 homlees females. This formulation, while appealing appar- 
ently to a different set of factors from those usisd by Arkell, is in reality 
the same in principle, since the heterozygous condition is here repre- 
sented by li (instead of Hh) and sex determines that the heterozygous 
male is homed and the female homlees. 

The genetic relations of the Merino with homed males and hornless 
females to the Dorsets, in which both sexes are homed (but in the 
male the homs are larger), WMst be different from the genetic relation 
in the other cross. Hiere are two theoretical poesibilities, viz, that a 
different factor for homs is present that is either an allelomor]^ or 
another different factor; or second, that a modifier is present in the 
Merino that keeps down the development of the horns in the female. 
An answer could be obtained by breeding Merinoe to homed and to 
hornless and getting Fj from both crosses. Arkell's data is not Bu£Sci^xt 
to settle the question, because his numbers are often too small, but 
chiefly because it appears that there were two genetic types present 
in his flock of Merinos, one of which is characterized by scuis (very 
short horns) in the females, the other by homlessness in the female. 
He found in a cross between a hornless father and Merino mother 
(that had knobs or scab-like growths) that the daughters had horns 
or scurs and carried a determiner for horns (as subsequent generations 
showed). On the other hand, in other cases where the Merino mother 
was without homs, her Fi datighters had no htans. In both cases the 
Fi sons had homs, Arkell cites this cross as "provii^" that the knobs 
of Merino ewes depend for their development upon two horn deter- 
miners (H'H'). It is not at all evident that the results lead to such 
a conclusion, as other explanations will cover the case as well. 

Arkell's mating between Dorsets and Merinos (tables ex and xvi) 
corroborates his view "that the knob of the Merino female is repre* 
eented in the germ-plasm by the double determiner." The 5 Fi sons 
had long horns, 3 Fi daughters had homs present, and 2 had them 
absent (table xvi). If some of the Merino mothers used were homo- 
sygou0 for a factor that inhibits the development of horns in 4^ female 
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we can account iar the h<Hnilies8 dau^ten, and if other mothers did 
not have this factor (or were faetenwygous for it) we can account for 
t^e homed daughtoB. Evidentiy more evidence is needed. Arkell 
himself am^na a CMTe^MHuling diffa«ice to the mothers in these cases, 
based on the observed &ct that the mother that had knobe or scun 
were the ones that gave birth to the homed daughters. If the above 
suggestion proves true, it shows that ^e Moino condition d«ninateB 
the Dorset condition. The result is in banuony with the view that 
both have a common factor for homs, but that in addition the Merinos 
have a non-eex-Unked modifier that holds down the development of the 
horns in the ewe. 

What bearing have these results on the theory of sexual selection? 
Clearly the Merino male, as constituted at present, develops homs 
because he is a male, but only in the sense that his testes secrete some 
substance tiiat makes his homs grow. That maleness does not in itself 
necessarily produce bran is shown by the absence of horns in the 
Suffolk breed. Is it the same factor, present in the Merino, that 
produces homs in both sexes of Dorsets when homozygous and in the 
male only when heterozygous? If originally the ancestral race had no 
horns, the appearance of factors for homs would, even in a heterozygous 
condition, have su£Sced in the males for the development of horns. 
If this gave them any advantage either over the enemies of the race <x 
in the eyes of the female, such factors might be perpetuated, and 
through transferrence to the females ultimately become homozygous 
in both scoras. Both would then have homs, wheth^ homs were w 
were not of any advanti^ to the female, which would have them 
because they have an advantage to the other sex. 

Because ^e genetic evidence shows tiiat a single factor difference 
between the breeds with and without homs accounts for the homed 
condition in one of them, it by no means follows that homs as th^ 
exist arose as a sin^e mutant factor change. True, they may have 
arisen as a new single factor difference, but the Mendelian evidence 
can not be claimed as evidence for this view. The a priori argument 
based on the relation of homs in an adaptive sense to the rest of the 
body would appear rather to indicate that they could not have arisen 
at a single mutational step. 

Concerning the still broader bearing of this evidence on the theoy 
of sexual sdection, two distinct questions are involved: first, how has 
the present racial difference in homs arisen in domesticated ^eep, and 
secondly, what was the original condition of sheep. Reversing the 
ordex of these questions, we find that sheep were domesticated in Asia 
and Europe before the dawn of history. "Whether our well-known 
and useful animal is derived from any one of the existing wild species, 
or from the crossing of several, ot from some now extinct species, is 
quite a matter of conjecture" (Flower and Lydekker's "Mammals"). 
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Most of the wild species of the gerniB (of which about 12 are reet^nized) 
have horns in both sexes, but larger in the male. There are 3 wild 
species in which the horns are lacking in the female, acctmlinK to 
Flower and Lydekker. If these have been crossed into the domesti- 
cated breeds the condition shown by the Merino may go back to the 
wild state. The Uiinl condition found in domesticated raees, via, 
homlessness, may have appeared under domestication. Such a change 
might have arisen in either of the two other types and would be etso- 
paraUe to well-known losses of characters shown by dconesticated 
animals and plants. These losses aS characters are usually ascribed 
to actual losses of genes; any lost gene in the complex of factors neces- 
sary for the production of horns might cause such a duuoge. But tiiere 
is no advantage, In fact, in ascritdng the low in the chwscter to a U>*a 
in one of the factors producii^ that character, for any change of any 
kind in the factor ct^nplex might bring about the same result and the 
evidence from multiple allelcHnorphs should put us on our guard 
against ibe all too easy asBumpti<m that a loss in a charaoter mvcdves 
necessarily loss of a factor in the real sense in which loss is used in 
ordinary speech. 

The operative uid genetic evidence for sheep shows that if the horns 
in t^e male were developed through natural or sexual selectitm we 
should expect them to develop also in the female. The greater develop- 
ment in tiie male seems to be due to secretions from the testes which 
probably are due to special factors that call than forth, but whether 
such factors were also acquired to rmnforce the ^ects being produced 
throuf^ selection or were already present (reinforcement for horns 
being only a by-product of their activity) can not of course be known. 
We can suppose that special factors that suppress the development (rf 
horns in the female may have arisen in the wild or in the domieeticated 
races and have been perpetuated because of some imagined ben^t 
conferred; or that in certain races factors were already present that 
kept down the development of horns in the female. In any case such 
^tors do not cause their effects through secretions from the ovary, 
because after ovariotomy horns do not develop; nor are they sex- 
linked factors. Any speculation as to how natural or semal selection 
has brought about the evolution of the horns in sheep must reckon 
with the conditions imposed on such speculation by the precedii^ 
informaticm. So far as I can see, it leaves the situatirai in this respect 
neither better nor worse off than before. 

In deer the effects of castration are well known, but there is no 
genetic evidence to show the kind of factors involved, since no crosses 
have been made between species with differences in their horns. If the 
young male deer is castrated before the antlers have appeared, no horns 
develop. If castrated at the time when the antlers have begim to 
develop, incomplete or imperfect development follom. The antlers 
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remun eovemd with the velvet, and are said not to be tlirown ofl 
periodioally am in the normsl male. If the adnlt stag with antiera is 
eastrated, the hmis are preeocioudy dropped, and, if replaoed at all, 
the new anUen are imperfect and are not renewed. I do not know of 
any oases in niaxAi femaks have been spiked, but no doubt the ovaries 
must sometimes become diseased. There are, however, a few records 
of horns develoinng in this sex in M age, or {vasumabiy after disease 
<tf the ovaries. Both male and female reindeer are homed. GastzatiMk 
ivoduoes no effect on Ihe devdopntent <A Ihe honn. 

In the ease <A deer it is evident that the presence of the testes in the 
male causes ihe bane to devck^. Tlie genetic faetor, or £aet«B, for 
boms may be supposed to be euried by both sexes, but the electa of 
the factor can be seen only iriun the testes are present. Intherundeer 
and eland, <m the other hand, the gNietie factor for sex ean produce 
brans witibout tiie need of the environment produced l^ the testes.^ 
Whether we are dealing htn with the same factor or whether the test 
of the hereditary oamplex makes the result different can not be known 
wltboat breeding experiments. 

There is apparaitiy a connection between the stage <rf devclc^mient 
of tiie horns wad the age oi the animal, as tin following statemoit by 
Yanett* (1858) intfieatM: 

"The fallow-bucfc ia at his best in his sixth, or at most in his seventh year; 
after which, though the carcass may increase, the h<nns beonne snaller, and 
in«Kulariy going back annually tbrou^ scmething like their foimer stages ot 
ineieaae, a very c4d budE hw from the state of his boras been mistakeD fw a 
young oaa. In the oeteokigical department of the Museum at Paris there 
was, and ma^ be now, the 8k^t<» w a female reindeer in which the home were 
reduced to little more than a rudiment of the beam and the brow-antler; this 
animal was so old that the molar teeth were worn down to the edges <^ the 
aHeolar cavities." 

At first sight these results in the fallow deer appear to be only an age 
condition, but since in old age a reverse process sets in, it may appear 
more probable that the amount of secretion by the testes or other 
glands may be the conditioning agent. In the case of the reindeer one 
may hesitate to ascribe the change to the ovary without further 
evidence. 

In cattle the effects of castration as seen in oxen have been studied. 
There is little here that is useful for our present purpose. The horns 
are not inhibited and may even be larger than in the bull. Ihe absence 
of brans in certain races of cattle is apparently a dominant character, 
but as the character is nether sex-limited nor sex-linked, the evidence 
has no further bearing on the present topic. 

> In (Iw ilud aa wbU ■■ ia tlM t^M)«cr, in wfakb botb Hna ban bom* (bU bactn in tko Utta 
»t least to d««dop before tbe Bouadi ripen, it u >Ut«d UiBt oaMiBtioD doM not prevent tha derd- 
opnMBt «f tbe honit in the mala, bot whether tbqr ■»■■ larce as In tbe Bonnal male ia appaientlr 
wtAiSBitdr Mated. 

■ YamU •lao itatai that after the fallow book haa readied the hsi^t of ita maturity and 
haa fl pranv in ita aatlw, rcawiral of (MM tettia oauaet the next antls' to bare bat S proDi*. 
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The effect oi removal of Uie ovary from fanale calves haa been 
studied by Tandler and Keller. The hei^t of the ovariotomised fonale 
is less than that of theeow. Thesame diffaence is found between bull 
and ox. Tandler and KelW call attoiticxi to the amilarify ct the head 
in nuUe and foni^ lacking the gonads. They ocmclude that the 
ovariotomised female does not cMoe to resemble the male, but that 
removal ol the gimad causes both sexes to oonvo^ to a o(»mn(m l^pe. 

Castiati(Hi is frequent^ performed in horses, dogs, and cats, but as 
the Boooodaiy sexual diffcvenoes, aside from aie and behaviw, are not 
voy well marked in these aninials, the results need not be here ctm- 
sidtted. 

Stcanach's ei^wriments with rats axe in^M»iant, because by grafting 
ovarian tissue into the castrated male, the malewascaused to assume 
certain charactoistics peculiar to the female. The mammary gl*"*^^^ 
that are rudimentuy in the male became much enlarged — not only 
the ^aodular tissue increased in amount, but the "lamiM themsdves 
were greatly develq>ed. The hair of the mide is coarser than tiiat of 
the female. In the foninized male the hair was soft like that of the 
femiUe. llie siie was smaller than that (rf the male. The droleton also 
was affected, and Stonac^ thinks that it changed in the direction el a 
female akdetom. Even nu^e sbiking was the sexual bdiavior of the 
foaainixed rat. The individual no longer reacted as male, but showed 
some of the reflexes peculiar to the female. These results, that stand 
almost alone, ^qpear to show that sevwal of the seoondaiy sexual 
characters of the female rat are due directly to Ihe presence <A the 
ovary. 

One of the most striking and d^nite results shown by castrated 
rats (Stdnach), guinea-pigs (Pirsche, Steinadi), rabbits (Fauncet), 
hedgeht^ (Marshall), and man is to be seen in tlw effect on the aooee- 
Bory glands o(Kmected with the male duets as wril as on the pons, 
lliese remain small and infantile. Some substances inx)duced by the 
testes are essential for the development of these parts. Natural 
aelecticHi rather than sexual sdection would be the agency that here 
comes into play. 

In man the effects of eastaration have been <^tai described. Eunuchs 
have had a commercial value in enne countries, as in Turkey and 
China, and castration has been ddiberately practiced on young 
children. Certain religious sects, such as the Skops of Russia, have 
advocated and carried oat the aptn.t\oii. Disease has also at times 
necessitated t^ removal of the testis, moro often in adults than in the 
young. The full effects are shown <mly irtien the optxAtioia has been 
eftfried out before the secondary sexual eharaot^s have develc^ied. 
ThB more striking differenee between the aexeB involve the beard, and 
the luur on other parts of the body, the v(»ce, the fsbape of the pelvis, 
aitd the mammary f^ands. Fw a detailed account <A the reaoHs, 
the pubfications of Tandler and Grosz and Marshall's book on the 
"Physiology of Bcinxiduetion" should be consulted. 
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The two most obvious changee in the eunuch are the absence ol the 
beard and mustache and the small hLrynx, which produces a hi^- 
pitched voice. In both these respects man differs from woman; in 
both, however, the eunuch is like the boy as much as he is like tiie 
woman. It is not evident, therefore, whether the eunuch has retained 
the juvenile condition or has bectnne more like the female. Moreover, 
there is the possibility that Uiere is no difference in the present case 
between these two conditions. The distribution of hair on the pulHs- 
(tf the eunuch is often said to be more like that in the woman than that 
in the man, but there is apparently no sufficient evidence to show that 
this is more than the juv^iile condition or an undeveloped conditi<m 
of the male. As to the voice, there is no way of determining vrtkether 
the voice of the eunuch is feminine or juvenile. The development of 
the mamnuB in the eunuch would be a better test, but it does not appear 
from theliterature on the subject that the mammary glands and the 
nipples of the eunuch are changed toward the female type. On the 
eontary, it appears rather that there is no such change. It is true that 
the tendency toward the accumulation of fat may give the eunuch a 
somewhat feminine appearance (since one of the foci of fat aocumuht' 
tion is in the r^cm of the breasts), but this in itself can scarody be 
clumed to be feminization, but due ratiier to the more slothful hal^t of 
the eunuch that tends to obesity. 

A mfH« si^geetive resemblance is found in the narrowness of the 
shoulder girdle and broadness of the hips in the eunuch, but even these 
rsemblancee to the female should be regarded skeptically, sinoe other 
changes in the bones that result from castration are certainly not a 
development toward the female type, but a peculiar specific effect of 
the absence of testes on the growth of the bones. For instance, the 
bcHtee of the arms and l^s are much longer in the eunuch than in 
either the normal man or woman, in fact, more in the direction of the 
male, who has longer lefp than the female. The explanation usually 
given is that the ossification at the ends of the bones and of the epiphyses 
does not take place so soon as in normal men and women. The con- 
dition here is that characteristic of the juvenile state that is carried 
ovw into the adult, but whether the narrowness of the chest and 
shoulder ^rdle of the eimuch is correlated in some way with the more 
prolonged growth of the other bones has not, so far as I know, been 
determined. That there is no appctrerU connection between the 
shortness of the one and the greater length of the other does not 
necessarily lead to the conclusion that there is no such connecticm. 
For the present I think we must hold this point in reserve. 

St^nach's evidence for the feminized rats, if it may be extended to 
man, indicates that some of the female characteristics are due to the 
pinsence of the ovary holding in check the genetic posubilitiee of the 
female, as wdl as leadii^ to the develofonent of such charaeteristie 
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traits as the mamnue, etc. In the case of the pelvis the female departs 
from the juvenile type of both sexes, and here one might look for 
a better criterion. It is stated that the pelvis of the ox is more like 
that d the female ihaa it is like that of the male, and it has been said 
Ukat this is true for the castrated rat and guinea-pig, but wheth^ a 
ample enlargement of tiw juvenile pelvis would make it resemble Uie 
female type more than that of Uie male has not, so far as I know, been 
carefully examined. Should it prove here that this is the case, the 
evidence on this point would be no strcmger than that for other charac- 
ter diffa«nces. As has been stated, Tandler and GroBz think that the 
chaises in the skeleton of the ox, as well as those in the caslaated cow 
(skull, pelvis, and limb bones), are due directly to loss of the gonads 
and are mudi the same in both. But their reeemblanoe may possibly 
be due miare to an enlarged juvenile condition rather than that eitha' 
of them changes toward the n<Hinal skeleton of the other sex. 

The statements that have been published concerning the effects of 
removal of the ovaries in woman are, on the whole, unsatisfactory and 
often conbadictoiy. That the uterus and oviducts become smaller is 
expected from what is known to occur in otlier tnAirtTn^lp, and ia 
dc^nitely recorded in the human female. That the breasts become 
smallra* is stated to be tite case, but whether because of an actual 
decrease in the glandular portion has not, so far as I know, been 
shown. That hair is likely to develop on the upper lip of woman 
without ovaries is also chdmed as likely to occur, and this, too, is 
sometimes seen in old women, but if it is interpreted to mean an 
approach to the bearded condition of man it should be admitted that 
the development is hardly su£Scient to invite such a comparison. 
Finally, it has been stated that the voice becomes deeper, more, th»e- 
fore, like the male, but this has also been denied. If it could be 
established that the voice changes and that it was brou^t about by 
an enlargement of the larynx, similar to that which takes place wh^ 
the larynx of the boy changes to that of the man, it mi^t seem not 
improbable that the change was toward that of the oppoate sex. 
This would mean that the ovary produces some substance that pre- 
vents the enlargement of the larynx in the female. But since it has 
been shown that the enlargement in the male is caused by the develop- 
ment of the testes, and that this enlargement is prevented by castration, 
a paradoxical situation would present itself, viz, that the testes cause 
the larynx to enlarge in the male and the ovary prevents the enlarge- 
ment in tike female. Until convincing evidence is forthcoming, the 
question is better left undecided. 

B. EvmKNO raoH Bmos. 

Probably a ^eater difference in the secondary sexual chaiBctoB ia 
shown in birds than in any other group. It is true that there are 
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qMoiea, eiuAi aa the doves and pieeonc, in which the plumage at the 
male is much like that of tiie f enode, but this is the exo^ticMi rather 
than ihe rule. At the other extreoie are spetam Hke birds of paradise, 
hummingbirds, fowls, i^teasants, dudes, and many paaserineB, in 
whiehthepIimiageoftbetwoseoueisentiTriyd^erait. OurlmoniedgB 
as to the ndation brtweoa ihe nuptial jdumage of the male and the 
fXHidition of the Bei-<«ganB rests laig^ cm infonnation gained hy 
eaetntitm in poultry and dudes and on the assunqition of the nuptial 
jrfumage in aereml spedee (MUy ai the mating ssbsoil 

John Himter in 1780 deseribed a pheasant with male plumage. His 
account of a similar change in a pea fowl is so eonq^ete that I venture 
to quote it in full: 

" Lady T^nte had a fwTOrite pyed pea-ben, whicdi had produoad ehickMiB 
ta^t Beveral times; having moulted when she was about deven yean dd, she 
astonished the lady and her family t? diowing the featben peculiar to the 
other sex, and ^>peariDg like a pyed pesoock. In thia [oooees the tail, wfaidi 
was nmilar to that of a code, first speared after moulting. In the following 
year dte moulted again, and {ooduced the same featben. In the third year 
she did the same; at tbs same time the had spurs similar to Uiose of a oodc 
She died in the foUowing winter during the hard frost, namely, in the wiater 
1775-6. She nev» bred after this chuge in her plnmagB- This bird ia now 
preserved in tite Museum of ^ Ashton Lever." ' 

" From what has been related o( these two birds, may it not reasonably be 
inferred that it eeenm probable that all those wild pbeasantB of the female sex, 
whidi are found with the feathers of the ooek, had changed the nature of their 
feathers, partioutarly at a certain ageT 

" If ttua idea be jiut, it diewB iha-t there is a di^xwitiiHL ia the female to come 
nearer and nearer to the male, at least in the secondary properties; or it may 
rather be said that the female is later in producing this cluuige than the male is; 
for it has already been observed that both sexes when young differ not from 
each other in these nep^ito, but that the mate iqipears to be the one that by 
degrees separates from the female in its seoondaiy properties." 

Statements in regard to the effect of castration on poultry go back, 
it appears, to Aristotle. Yarrel in 181 1 and again in 1850 has given axi 
excellent account of many of the effects produced. His account of the 
effects on the cock seem to be based partly on hearsay, and while they 
contain much accurate information, yet the statement that tlus 
plumage of the capon is intermediate between that of the cock and hen 
is incorrect. The further statement that by cutting the oviduct the 
hen assumes the plumage of the capon has been shown by Sellheim to 
be erroneous. The operation referred to by Yarrel must have been 
one in which the ovary was removed. 

1 It mi^t be suppoeed that ihit faud wM mOy t. oook wbieh hkd been ebangad tor a hen; but 
the foOowiiis t»ota pat diU mmttar bej'oiMi ft doubt: Flnt, tbere wu do other pyed p»m4<»d ia 
the oouBtoy. SeoMidlr, the hen had knoba on bs toea, vhtoh w«e the aanM attcr hw efaatni. 
TUnUy, A» wm a* mall alter the «hai«e a* before, thenfofe too mall for a oook. Fourthly, dte 
«M • (avoiite bird, and ww gennlly fed hy the Ud]', and ueed to eotae tor her meat, whioh 
A» atill oontfaiaed to do after the «banc« in the tentheta. 
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Yarrd described a feonale pheasant that had aBSUmed Bcnne of the 
characteristic colors of the male. On dissection he found that tiie 
ovaiy vas diseased as well as the oviduct. He correctly asE^ns the 
change in plumage to the condition of the ovary. He states furtiier- 
more that most of the fonale pheasants that he lud examined that had 
male plumage had not assumed the comj^ete ctrioration of the male. 
In (me case, however, a eomi^ete change had taken place, llie change 
in i^teaaants be thoi^t was due to old age accompanied by partial 
or ccMiifdete loes of function oi the ovary. For poult^ he states: 

"In the imperfect female the comb increases; a short spur or qnuB iq)pear; 
the plmnage undergoes an alteration, getting what is usually called 'foul* 
feathered ;' she ceases to prodaae any eggs, and makes an imperfect attempt to 
imitate the erow oi the code Being {Kofitleas in tlus state, she is usually made 
aw^r with. The i»ovnb says: 

AiriuBtJiiic wamMiandft vowing hen 
An D^her good for godi nor mto. 

Our nni^bon and allies the Frmch, who seem to take a wider range in their 
prejudice against hal»ta which they ouuideT inegular, have the foUowiog 
proverb, which eay%: 

Poule qui dumt«, Pittn qui danw 

Et Femme qui pule Ifttin, 

N'urivmt jftmBia ft bcUe fin. 

"I have seen two Lostanoes in which females of tiie wild duck have asHumed 
to a considerable extent the impearance ci the plumage <^ the mallard, even to 
the curled featheis of the tail. One of tbeee birds, in my own collection, was 
given me when alive by my kind frieaul the late John Morgan, esq. When this 
bird was examined after death, the sexual organs were found to be diseaaed, as 
in tbe case tA the hen pheasants referred to, wd figured in the 2d vcdume ot the 
History of our British Birds. In the published illustantioos to his Fauna of 
Scandinavia, M. Nllssmi has given a ooltued figure of a duck in this state of 
plumage (plate 163), which is called a barren female, and in which the curled 
tail-featiiMS are made yvry oon^ieuons. 

"From the grateral simuari^ m tlieee females to the i^^eaianoe assumed 
for a tfane by healthy males in July, I am disposed to refer this seasonal change 
in males, in tins and in other species of ducks, to a temporary exhausted state 
cf tlu male generative organs, and their omsequent diminished coiKtitutioual 
influence on tiie phimage. 

" A male diut up by Imns^ from eariy tiaing to the end of July undergoes 
no change in his ^umage; bat if he is allomd to aasodate with females tiU 
their season ot incubatkui econmecnee, be tbra goes tJirou^ tbe change, and 
this impean to indicate tbe cause of tbe partial sunmwr moulting. 

"The q>pearance is somewhat differrat, but yet vfxy interesUng in issecta 
and erustaoea. In these classee the sexual otgans are double and distinct, 
arranged ooe on each ade (rf tbe elongated mesial line. It sometimes hq^ens, 
tiiat a qieciee in which tbe sexes are of a differrat ookir, <»* markings, or fonn 
has one saiual organ of each tort, male and female, in which case each half 
irf tbe same insect IS devdoped und^ the exclusive influence of tbe sexual «gan 
on its own side. Instances are preserved among our ocdlections ot butterflies, 
motbes and beetles; and I have seen it twice in the oomnum lobster. 
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"Nor M the human race eiempt from the t^rstkai of the law which preraib 

in the Mammalia. In wcnnen, at an advanced age, hair i^jpeara on we chin 

and upper lip, and the voice altera, bectnning deep in its tone. The beard in 

old men bectHnea thin and soft, and our own inimitable Shake^ieare has UAd us, 

* * * hifl big m&nly voice 

Turning ftgun towwd ebildidi b«Ue, pipea 



Gumey (1888) has recorded several cases in which f«nale birds 
have assumed male pliun^e. For instance, he describee a female 
merganser, Mergua serraior, assuming male plumage that showed no 
signs of disease in the ovary. Mr. Cecil Smith had a female widgeon 
{Mareca penelope) on his ponds near Trenton, which assumed the male 
plumage some years ago, and which, so far as he knew, had not had 
young nor laid ^gs. 

"On May 16th, 1887, a chaffinch {FrinipUa oele&s) in full male plumage was 
shot at Chapel Town, near Leeds, in Yorkshire, by the eon of Mr. W. L. Jack- 
son, M. P. ; it was skinned by G. R. Qrassham, aasiBtant to Mr. W. E. Clarke 
at the Museum, who, muck to hia surprise, found that it was a female, and 
omtaioed an egg, ready for laying, (A a pale blue, without markings, and an- 
other «gg in a leas forward stoto. This chaffinch is in every way in perfect 
nuJe phunage, and I am indebted to Mr. Clarke ton his kindness in sending 
these particulars wi^ the specimen, which he received fnnn Grassham a few 
hours after the latter had dissected the bird. 

" In tiie ' Norwich Nat. Trans.,' an enimieration was given ot female Red- 
starts (RidicUla phoenieurut) tmminning male [iltmiage (I. c) to which the fol- 
lowinK may be added : a hen R. phoenicunu assuming male plimiage, and very 
like Mr. MUlais' described in the 'NMwicb Nat. Trans.' iv., p. 182, was caught 
by Mr. W. E. Clarke aitting upon h^ eggs, at Wike, near Leeds, in June, 1^; 
at the same time Mr. Clarke saw the oock dose by, which ^>peared to be in the 
ordinary male [dumue. The late Mr. Henry Doubleday's collection con- 
tained a heo Redstart (A. jAoenieunu) in male plumage, i^ch bad the ovaries 
'quite perfect and full of tm' (qf. B. of Norf., i, p. 370, note), probably one of 
those idluded to by YarreU (Brit. B. 1st ed. i, p. 240) in the remaiks nuide 1^ 
him on the plumage of this species. I have some recollection of this Redstart 
at the dispersal ^ Mr. Doubleday's collection, but do not know who was 
the purchaser (A it. There can be no doubt that man would soon turn 
vp if looked fw; and now that attention has been drawn to the subject, 
and the practice « dissection is getting more general among bird stuffers, it is 
certain to be the case, not only in RvtMOa, but in other genera besides. Why 
it shotdd lu^>pen in RutidJJa pAoemeurue (rftoier than in other Passerine birds 
is hard to explain, but sueh is evidently the case." 

"Tbe same is recorded to have lu^peoed five or six times with the female 
Red^iacked Shrike (lomva eoOuria); see 'the Field,' June 17, 1871, and April 
26, 1885; Mu. N. H., iv, p. 344; 'B. ot Suffolk,' p. 45; 'Ibis,' 1863, p. 292; but 
the number en hen Rethtorts wludi have dtHuied masculine attire ia greater. 

"The following is a Ust of the species in which cme (a more instances of 
females assuming male plumage aie aaoertsined to have occurred: 

Folco aemlcxi, fide Soullr. (Cf. Shupe, 'Cftt. Krds Brit. Mai.,' i, p. 407). 

Tinnunonhu kUniluiuB, fide Bbtrpe; ed. fig. P. Z. 8., 1874, p. 680. 

LftniUB ooDurio, fide Hcqr. 

Lutiua vittAtiH, fide B^th. 

Rutieilla phonkunH, fide Millfti*, Clwke ukd ottwfs. 
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Fringilla ordeba, fide Caarke. 

linota eaiitwbin&, fide Btyth. 

Uaate Tutnoam, fide Blytb. 

NeeUriniR awtin, fide Blyth. 

QftUiis (doDMttie fowl), fide Yvrell uid otbera; eel. 6g. "B. <rf Sbecwood," p. 183. 

Pvro (peehen), fide Lathftm; fig. "STtitqiBu," ii, pi. 60. 

Mde«gria (Turk^), fide Bech>t«m. 

Phuianus edcJiicuB, fide Edmrda and othen. Of common occuntnee in k scnd- 



ThMunaleM pioU, fide Edwards. 

EupkNMokUB nycUwmcrus, fide YairdL 

PamBs Dipelenae, fide Blyth. 

Tetno tolm, fide Bond; ooL fig. DraMw, "B. of Eur.," n, 20fi. 

Telno uragaUiu, fide Nilnon; eol. fig. "Unaer Auer-, Hackd- und Biricwild und 
•dne Abwteo," by A. B. Meyer. 

Otis toida, fide Tiedmami. 

Ahm (dcMMBtie duck), fide Rowl^; et^ fig. "Om. Miac," i, p. IIS. 

Ansa boMhaa, fide Haoeock; fig. ool. "SoandinaTiBk Fauna," pi. 1S3. 

Puligula mariU, fide Blytb; see abo P. Z. S., 1885, p. 2M. 

Mergus mxtstca, fide Oumey. 

Mareca peodope, fide Cecil Etauth. 
"Periiape the Kestrel {Tinnunctdvt elaudarivt) oug^t not to be indoded 
in this catalogue, for bo many have been aeen with the lower part of the back 
blue Of bluiah, as to leave little doubt that the female generaUy beccmes bo if 
ahe lives lc»ig enoufh. 

" It is Baid that t£e females in Oriohu generally become da bright as make in 
thne ('Ibis,' 1864, p. 412; 'field,' June 24tik and July 8th, 1871)." 

"P. S. — Mr. W. Tegetmeier tells me be has known a baniyard code moult 
into ben's plumage, which is the oonveiae <A the instances narrated in this 
ps4>er, and rather resemblee the annual change which takes place in Ana* 
botchat and others of that tribe." 

In a later notice Gumey makes tJie following statonent: 
"The bearded tit {Panwmt bianmeua) may be added to the list of female 
birds which are known to occasionally assume male plumage. In the summer 
of 1883 a beanled tit, two years old, in Mr. J. G. Keulemans' aviary, hatched 
five eggi and moulted, during which operation site suffered much from cold 
and stiffness, and when she recovered her plumage it was partly that of the 
male (</. 'The Field/ Sept. 14, 1872)." 

Brandt, who has reviewed the literature v&ry thorou^hty, cites the 
fdlowing casee: 

"Oal«nacei: Qallus bankiva domest., Phasianus pictus, torquatus, ool- 
ehicus, mongolieus and nycthemerns, Pavo cristatus domest., Melet^pis gallon 
pave domest,, Perdix einerea, Tetrao urogalhis, tetiu und bcmasia. 

"Fasseres: Fringilla coelebs, Pynfaula vulgaris, cocciDea, Lozia chloria, 
Turdus merula, Ruticilla phoenicurus, ochrura, chrysogastra, Cyanecula 
Wolfil, StumuB vulgaris, Ampelis cotinga. 

"Scansores: Cuculus canorus, Edolius ^andarius. 

"Grallatores: Machetes pugnax. 

"Natatmes: Anas boaehaa domest. 

"Eb ware denkbar, dais die Hahnenfedri^rait, wenn auch in verkiqiptem 
Grade, ^loi VOgeln, selbst denjenigen nikomme, deren Gefieder una gea- 
chlecbtUch uniform ni sein scheint. Wie dem auch sei, einselne Genera und 
Species scfaeinen mehr, andere weniger sur Airhenoidie prftdi^Kmirt. So 
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bem^ J. Geoffroy St. Hilaire (p. 611), daw Fmhwd hiufiger aeSbat ik die 
Htthner hahitraifediig werden, wfiturend fUr den Pfau, den mao doeh steta eines 
natOriicfaeD Todee sterben Unt, ilon nur ein eiiuiger Fall (der tw Hunter) 
b^aont gewordeD. Wftbrend Ixneiu (vide Tichominnr) auf deta Moekauer 
Marict hftofiger bshDenf edrige Weibchm von PhasiatniB ficdoUcas und mongol- 
iem airfgefimdm, ist il»w> diesee fur Ph. chryaomelas bisher kein eiiiitgee Mai 
■eluDgen, oboleich die Zahl der jihrtich in Moekau feilgeboteoQi Ezeniplara 
Seser Art mchiuif 8000 StQclcbdaufen mdchte." 

Hie preceding caaes rdate to exceptional chuigeB in tbe jdumage as 
observed in n&ture, or in iHrds kept under domeetieation. We may next 
examine the caaee where ttw ovary or tbe tcetia baa been removed. 

The earlin obeerv&tions of Berthold, Wagner, Hanau, Samud, 
Seltheim, PirBche, Fogea, Shattock, and Seligman are niffiiaently 
covered by later wopric quoted bdow. SeUheim's vork, however, is 
eepedaUy to be noted, sinoe he ^vee some measurements covering tiie 
weight of the hnia, heart, and body (^ the cock and capon, as veil 
as obeervations on the dcull and akdeton. Hie wei^t of the taain 
is sl^tly less in tiie eapcw, but tiie body-wus^t is greate. He quee- 
timiB whether the ovary has ever been sucoesrfuUy removed, and he 
shows that the operation of resecting the oviduct does not, as was 
supposed, lead to the degeneration of tbe ovary. On the contrary, he 
found that after tiie effects of the opaiition had berai rraioved the 
ovary began again its funetituis. 

From Goodale's careful summing up <3i the effects at castrati<Hi <»ly 
the fdlowing points need be recalled: The feathers are little changed; 
some of them, the hackles especial^, become longer. The lowermost 
tier of wing oovais are dongated as compared wiUi those of the cock. 
Hie spurs are practically the same in the capon and cock. The capcm 
is disinclined to give voice, but at times he crows. The molting is not 
affected. Hie aise of tbe capon is larger. He pays little attentiMi to 
the hens. He is not pugnacious, and if attacked will not often fi^t. 
As a rule he does not pursue the hens, but if a hen squats down as tbe 
capon approaches he will mount and go thnnigh the characteristie 
muting reaction. The e<xiib is extremdy fq»>ftl1, much """llor than 
that of the female of the same race; it is infantile rather than feminine. 

Comparing these results with those that I have obsored in the 
castrated Sebright, we find that aade fnau the assumption of the full 
plumage of the cock-feathered bird the S^»i(^t shows all oi the 
characteristic features of the capon. The spurs develop, periiaps even 
more fully than in the normal Sebright cock. He seldom crows, and 
then weakly. The birds appear large, but ihe excessive development 
of the feathoa produces the effect. I have not woghed them to show 
whether an actual increase in sise takes place. Two ot my iMrds are 
notably lai^fOTSel^f^ts, but the otiwTB are mntiler. Both lai^ and 
small cocks occur in the strain that I have used. My Sebright and 
other captms n^;lect tbe hens, but I have seen them tread the hens 
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Ml oceancMi. Utey will f^t eadb other, if two Btrangere meet, but the 
attacks are not violent or prolonged. A normal male beats them 
easily, and afterwards they nm away from such birds. The combs and 
Watties are very small and pale. If a piece d the teetis is left in, the 
oomb is a fair index of its siae. In the birds that changed back toward 
a Bebr^t the comb slowly enlarged. After the second operation it 
decreased again as the phimage once more changed to that of the cock. 

Goodale's results with ovariotomized females are e^iecially note- 
worthy, nnoe here for the first time we have definite information as to 
the effects of the operation. By using a well-established breed, the 
brown Le^<Hik, in which the dimorphism of the sexes is very striking, 
the results are made ^ the mweconvindng. Goodale found that it was 
possible to oomi^etely rwnove the ovary of young birds, fcff at an eaiiy 
age the ovary is sufficiently ccnnpaot to make ite entire removal pos- 
able. I^ter the ovary beoomes more diffuse, and complete removal 
is almost impossiUe. In a few successful cases, in which the ovary 
had been comj^etely removed, the Inrd assumed the full plimu^e of 
the Le^cnn cock, with red back, black breast, and long, pointed hackle 
and saddle featheav. ^urs developed in all the op^tited females, even 
when the ovary was not entirely removed. There can be little doubt 
that the ovary holds back the development of the spurs, but as some 
hms sometimes develop spurs, especially in CMlun breeds, it is not 
entirely certain that in these cases the loss of the ovary is the cause of 
the appearance. The comb (and wattles) developed to different 
d^piees; in some birds it was as lai^ as in the cocks, in others no 
larger than in the ntnmal hen, but in all cases it was lai^er than in the 
capon. What to conclude is doubtful. Tentatively it may be suggested 
that the genetic complex that ^vee the female (ZW) produces a comb 
as lar^ as that shown by the female independently of the ovary, but 
beyond this point the ovary inhibits the further development of the 
comb, presumably by means of the same internal secretion that holds 
down the cock plumage in the hen. In the male, on the other hand, 
the genetic complex (ZZ) produces a comb much smaller than that of 
the female (no more than that of the capon), and the testes produce a 
substance that causes this comb to grow to the nze of that of the cock. 
Possibly, howeVOT, other intenial secretiora are involved. 

The operated hens are quiet and nearly voiceless. None of Goodie's 
birds were heard to crow, yet this seems to be a well-known peculiarity 
of cAd hens that have become cock-feathered. The operated hens are 
Dot lai^er tban the mamal hens of the same breed. Their legs remain 
shOTt, as in the norm^ hen ; and in this respect and in siie the ovarioto- 
mised Inrd is externally a female. The poullards "never viedt the 
nests, never sing ch- cackle, ^ow ncme of the normal fonale reactions, 
and few or none of the male." 
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The influence of the ovary in suppreenng the cock plumage has been 
convincingly shown in an experiment of Goodale's, in which, after 
removal of both testes from the young Lef^om cock, pieces of ovaries 
were inserted into the body-cavity. As dissection showed later, several 
of these implanted pieces grew onto the wall of the body-cavity. The 
birds developed the plumage of a hen, althou^ some traces of ttie male 
plumage were at times present. The difiFerence between the sexes is so 
great in Brown Leghorns that the hen-feathering of the feminized 
cockerels leaves no doubt that the presence of the ovary had produced 
the female coloration. 

Geoffrey Smith and Mrs. Haig Thomas (1913) have examined a 
number of hybrid pheasants, some of which were sterile. They found 
that the ovary (and oviduct) was often small and d^;enerate. There 
was a more or less corresponding tendency for such female hybrids to 
show nude feathering, at least in a part of the plumage. The d^enoa- 
titm of the sex element, however, does not take place until after the 
time of synapeifi, so that the younger gram-oells may be normaL The 
latw defeneration of these cells is not likely to influence the secondary 
sexual charactos, but may be an index of changes in othor ports oi 
the ovary. 

Ge<^rey Smith had a breed of White L^oms with cocks of two 
classes — those that assumed cock pliunage at 6 months, and those that 
are like the hens for 8 months, after which they slowly assume the 
cock-feathering. The difference is hereditary and appears to s^r^ate. 
Possibly this breed had one factor at least for hen-feathering l^t is 
more effective for young birds than for older ones. 

Smith states that birds and crabs (see tt^ra) appear to give oppoate 
results, since removal of the ovary in the former leads to development 
of secondary male charactos and removal of testes in the latter to 
secondary female characters. But he adds that he thinks the results 
are really the same, because in the crab it is not the suj^H^ssion of the 
testis but the f eminisati<Hi of the male by the Sacculina that causes the 
change. 

There are a number of ofasorvations on ducks. Several cases have 
been recorded where in old a^ the female assumed the male plumage 
(Darwin, Shattock,aiidSellheim). Alsoafewcasesinwhich the testes 
wore ronoved. Those of Goodale are the most complete and striking, 
lite male duck has two characteristic plumages, one called the nuptial 
also called the simmier or lureeding plumage that is assumed at 
the molt in the autumn, and the other the eclipse plumage, which is 
not identical with but much like that of the female. Here, then, we 
find a new situatitm, and one that invites comparison with the ooor 
dition in Sebrights, in so far as the male becomes hen-feathered at 
certain seasons. 
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Tlirou^out the greatw part of the year the Rouen dnke has the 
nuptial plumage. The head is green and the breast is chiret. Two 
median tail feathers are stnmgly curved; the next two are also often 
curved, llkese four are called the sex feathers. At the close of the 
breeding-season (July) both sexes molt. The male now has the same 
coat as the female, or nearly so. The green head becomes brown to buff ; 
the sex feathers are straight. The change back again to the nuptial 
plunu^ b^insat the end of summer and is completed early in October. 
Thus in the nice of Rouens the eclipse pliunage lasts only a very short 
time. In the mallard it lasts longer. The eclipse plumage develops, 
therefore, only when the testes are active, or, as Goodale puts it, "the 
presence of the active teetis is necessary for the drake to assume this 
plumage." Conversely, the nuptial plumage comes on in the late 
summer, when mating is over, and when the testes have shrunken and 
are not active, at least as far as the aex-cells are concerned. In some 
respects the situation is like that in the fowls, for in both the testes are 
not necessary for the devel(^meat of the full plumage, but in other 
respects the situation is diff«%nt, because at the time in the ducks 
^en the testes are active the eclipse plumage develops. Are we to 
suppose that at the time of sexual activity a substance is produced 
uialogous to that produced by the ovary of the female? This seems 
tiw most plausible assumption, for we know that if the testis is removed 
the eclipse plumage does not appear. Such a atuation su^^ests a 
comparison with the Sebri^t, where it has been shown that the teetis 
must activdy produce some substance which, like that in the ovary, 
keeps down cock-feathering. It is plausible, even if it can not be 
established, that the substance in the duck and the inhibitory substance 
in the male Sebright are the same as that produced in the female. 

Goodale's results with females (ducks) are not so clear cut, because 
the ovariotomized females turned out to be of two sorts. One sort is 
almost identical with the m^e, the other is more intermediate. There 
are sufficient reasons for thinking, he says, that these differences are 
not due to defective operations. Goodale suggests a genetic difference 
in the fem^es used, but this is apparently evrai to Goodale himself 
not a very satisfactory solution. For our present purpose the impor- 
tant fact is that the ovaiiotomized female may assume the perfect male 
plumage. Evidentiy the ovary produces some substance which, as in 
the hest, suppresses the potential plumage of the male. One such female 
known to have had all the ovary removed never assumed the summer 
(eclipse) plumage of the dr^e. On the other hand, another female 
devdoped first the nuptial plumage, but this was replaced by the 
summ^ coat "of the male of this variety." Again, in IJie summers of 
1914 and 1915 the change to the eclipse plumage was followed in the 
autumn by a return to the nuptial plumage. 
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How oan we eqdain tlie ^^tsvent diBcrqMmoy ctf Goodale's raniltBt 
In one caae, ib» nuptial fJumage was molted to nuptial plimutge; in 
the other eua an eclipie plumage af^wared at the braeding-eeaBon. 
Qoodale r^ards the latter case aa a more perfect iq^iroach to the saain 
than the fonoo*, but thia view undoubtedly offers serioua theoretkal 
difficultiflB. It seema to me poaB^de to BuKMee that in those oaeea 
ivfaere the summu plumage aj^ieared thoe waa in reality enoui^ 
ovarian tiasue (w related tiamw) left aftor the c^Mration to produce an 
^ect at the n(»inal seaaon for such ovarian tinue to become most 
active. It might then suffice to eclipse the male jdumage sufficientiy 
to make it veiy similar to the edqiBeal tiie normal male. At anyrate^ 
(HI this basia we have a oonastent explanation ai the entire oooQilex 
<tf phenomena. 

What bearing have these results rating to caatntiMi and traii»- 
plantati(Hi <hi the thecxy of snnial selecticm? Granting, cd oouiie, that 
■decticMi takes the matwials as it finds them, there nkay stiU be restrio- 
tions imposed on the theory by the kind of mat»ial offwed. For 
instance, the devel<^>ment <^ the plumage of the code is ind^Mndent 
of the condition of his testes. Hcuoe, if the fomde seleoted Uie mote 
vigorous male, she would not necessarily obtmn one more wnate than 
hia less vigorous rivals. If tlw taste of the hen has built up the j^Kunage 
(rf the cock, it has been canied out then iodependently of the visor 
resulting from the greater activity of the testis. In a word, the mtxe 
vigorous male is not necessarily the most highly colored one. Darwin 
concedes that these two conditions, high color and vigw, must go 
together to insure buccbsb, or at least that the most vigorous and there- 
iore the most highly c<^ored male will have more offspring. Wallaoe's 
contention that t^e greatw vigor of the male accounts for his greater 
development of plumage gets scant support from the facts of caBtr&- 
titm. One might ratiter contend that the female must be nuwe vigorous, 
nnce she is obliged to Bupja-eae plumage tiiat is allowed to run riot in 
the male. 

Wallace's argument in favor of natural sdection h(^ding down the 
plumage in the female as a i»rateGtion to fa» while nesting mi«ht 
Appear to fit the facts better were it not that the quest ior an ezplanar 
ticuoi of the male's i^umage is thereby abandoned. It should not be 
forgotten in this connection that the nest is genraally only partly 
ocmcealed, that bright cdor at rest need not be conspicuous, and tJiat 
tite male, exposed as he is through a conraderable part of the year, still 
manages to maintain himself in about equal numbers with the fonale. 
Suppose, however, for the sake <d argument, that natural selectum has 
kept undo* the full possibilities oi the female. The modua oparandi 
would be competition between the least adorned finales, eappxeaaxm 
being brou^t about by tiie activity of the ovary; while ibo male is 
left therefore to (odiibit the full poesibilitiBB of the genetic com[dez of 
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lus tMtt without nutnint. The fauiti in the cue are thai the phmu^ 
erf the male is tiie dinet result of his genetic ccanposition; the femiUe 
has the same genetae ocMDpoatiMi (the Bex4intod diajmetan an dui^ex), 
but the 0VB17 produeee a sdbstanoe Uiat hdds them in restavint. Put 
in this way, th«e is nothing furthra to be ex[dained, unless w« insist 
OB finding an ezi^anation as to how the speraee came to haTe its 
genetie coostitutitHi. In othv wwds, if we are not satisfied with the 
statement as to the actual situaticm, we must explain it by a utili- 
tarian iqipeid to a relation between tin phmu^ and the worid outdde 
of Ihe individiial or the species. To those who fed unsatisfied to toare 
the case as it stands on a physiologiGal basis, there is anotiier hypcH 
tbetieal means of escape. It may be assumed that tiie gHietic factcm 
that are instrumaital in producing the secondary semal diaraeten 
ha^ also o>tiier but unknown inftoeDces in the economy of the species, 
color and orDammtation beii^ by-products (rf these factors whoee 
utility in other direetions accounts for thrar presence. Sudi a phfloe- 
o^y has perhaps cHoe redeemii^ feature, since it suggests the posrntHl- 
i^ oS sean:hing for other influences — ^influences tiiat only incidentidly 
pye the striking coloiation and ornamentation of the males. 

At fint sight tiw absence of oook-featiimng m the Sebri^t may 
seem to fumisfa tiie oooasim for such a quest. It might appear titat 
since only one or two genetic factor differences are responsible for the 
"nuptial " plunu^ of the male, that this plumage may have originated 
in one or two genetie changes. Such an argument is fallacious, how- 
ever, for very many genetic factras may historically have been neces- 
sary to build up tiie nuptial plumage of the male. The breeding 
experiment shows no more than that one or two other factors have 
appeared that counteract the effect of all that the others are capable of 
prodmnng; tiie exper im ent throws no li^t upon how many or bow 
few these otiier factors may be. That the nuptial complex is still 
p re s e nt in tiie Sebright is evident after castration. Castration shows 
on^ that the testes in the Sebright produce some material tiiat keeps 
down the effects of all the other fact<»s combined. This conclusion, 
it is tme, somewhat simidifies the problem fra* those who appeal to 
natural selection as suppressing in tiie fon^ the feathffling of the 
cock, because it shows that this could have been accomplished by one 
or two MendeHan factors that appeared of such a kind that they caused 
the ovary to i»oduee a substance ant^cmistic to tite influences coming 
from the genetie complex of the speeies. 

With this by way criFprovitdonid exposition, let us return to the ques- 
tion as to irtietbv tiw SAright-game eross throws any other light cm 
Um possibly usrful eharaeter ol the genetic factor or factors that 
prochice oock-4eatbMing. It is cAnrious that the evidoioe gives us no 
doe at all, for with tlie exeepticn of the normal alldcunorphs of the 
dttninant factor for be&-f«ftUiering, all the othn UeUoB are stiO 
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present in the Sebright. Tbe nonnal allel(MnonA in queetitm need 
not have had any relation to ibe oihisr eoatpiei; in fact, it seema not 
to have any, because tin castrated Sd}right (wi^ both nonnal alldo- 
morphB replaced by eeaee iar hen-feathering) still devdf^ the ohaimo- 
t^istic cock-feathering. 

The outcome in the duck wiUi its double male plumage is still more 
puuling when we attempt to analyse the situation in the light of the 
sdectioQ theory. At the height of the breediog-eeBson, when his testes 
are enlaiged and functicming actively, a substance is being produced 
that leads to the eclipse of the nuptial plumage. If the male wen 
selected by his partner for his plumage, he would be chosen for a 
plumage that develops in the absence of the functioning testes. If the 
male is chosen because of his greatear aggresdveness <x "activity" at 
"vitality" due to the devriopment ai his testes, tiie result would be to 
select males that would probably develop a bettw ediipte piumage. 
The case is interesting because it g^vee an opportunity to distinguidi 
between a plumage that develops under the influence of the sexual 
cffgans and one that does not; and the latter is paradoxically Ihe 
nuptial pliunage. It is true that the male mi^t be selected for his 
nuptial suit, and, theoretically at least, female clu»oe mi^t still be 
made responsible for this plumage, but this merriy shifts the proUem, 
for it leaves "imexplained" the appearance historically of the effect irf 
the activity of the testes in suppressing this plumage for a Hhrat time 
after maturity. No doubt an attempt mi^t be made to show tiiat 
natural selection comes in at this time of the year in giving a i»otective 
color to the male, but so loi^ as any evidence is lacking as to Hne need 
of this protection the argument serves rather to fiurther o(»uplicate an 
already difficult situation. 

Goodate has written to me that th«« is an account, in the Agrieulr 
tural Journal, Union of South Africa, tv, 1912, (tf the effects <d tbe 
removal of the ovary of the female ostrich. I have not been able to see 
the account, but according to my informant such female individuals 
assume the male secondary characters. 

Of imusual interest m connection with the seasonal change of plum- 
age in males of dimorphic species are Betix's experiments with soariet 
tanagers and bobolinks. In both spedes the males in thdr nuptial 
plumage are very different from the females. Full-i>lumaged males ot 
both species, at the height of their "vocal and physical oonditicm," 
were confined in small cages. The supply of lij^t was gradually cut 
oB and a dight increase of the amount of food was allowed them. The 
birds became less active in consequence and increased in weight. " The 
time for tike fall molt came and passed and not a single feather was 
shed." The birds had skipped the autumn mdt and rranained in thor 
mQ>tial plumage. Tbe woag soon died away ; " the birds sdd(Hn uttered 
evea a chirp." From time to time a bird was gradually brought into 
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the lif^t for a week or two and meal-worma were added to the diet. 
Tbifl inTBiiably resulted in a full reBunq>tion of song. 

" I found that a midden alt«r&tH»i in temperature — either lower or higher — 
wroo^t a radU»l change in the phyneal metaboUam of the birds. They 
would stop feeding almoit altogether, and csm tanager lost weight r^)idly. 
A few feathers on the neck fell out, and in the course of some two weeks tlua 
bird moulted almost every feather and came strongly into his normal winter 
plumage <^ oUve green. The metabolism set i^ by the change in tonpaature, 
in its intent and rapidity, seems comparable only to the growth of a deer's 
anUen. 

"Ear^ in tiie foUowing q>rij^ indi-ridual tanagera and bobolinka were grad- 
ually brou^t under noimal ccmditiona and activitiee, with quick result; just 
as ute wildbirdB in tlMsir winter haunts in South America were at that tune 
shedding thedr winter garb and twaiiminE the most brilHant hues of sunaner, so 
the birds under my obsMratifm also mcmUed into Ute colors apprc^triate to the 
season. The old scariet and black feaUers Ml hooi the tanJagers and were 
replaced by othere of the same color; from buS, cream, and black, the bobo- 
links moulted into buff, cream, and blackl There was no exception; the moult 
was from nuptial to nuptial, not from nuptial to winter plumage. The dull 
colors of the winter season bad been skipped." 

How are theae reaulte to be intenaeted? Obviously tiie envirotk* 
ment inevoited the autumn molting; hence ihe birds neceaaari^ 
retuned thai nuptial jdumage. But is this the whole story? Did they 
not also i«nain sexuaUy aetive with their testes producing sperm as in 
tha mating season? In otiMO' words, if featbras had been plucked from 
thean, would not the new feaHwrs have been like those already present? 
Despite Uw author's statement that not a single feather was minted, 
is it not likely that ocoasicmally a f eathor must have been accidentally 
lost. If even one had been lost and an eclipse feather had r^laced it, 
the effect would not have escaped so keen an observe' as Ih-. Beebe. 
It seems to me not unlik^ that an occasional feather may have been 
lost and replaced by a nuptial one. If so, then the results are most 
probably inteapreted as due to the birds having renudned sexually 
active. This condlticm suppressed the autumn molt, and at the same 
time would cause any single feather lost to be like those still present. 
In supptst of such a conclusion I can appeal to Beebe's statement that 
after a week in the li^t a full resumption of the song took place. It 
is unlik^ thaA sexual maturity woidd be attuned in so short a time 
unless the birds Vfxe already in the condition of sexual vigor. Perhaps 
MM can i^peal also to Beebe's other statement, viz, that after a sudden 
change in temperature, followed by a changed metabolism and loss of 
weight, the l»TdB molted and assumed the eclipee (winter) plumage. 
Here I should interpret the facts cited possibly to mean that the males 
lost their sexual activity and in consequence developed the eclipse 
plumage. 

Until further infonnation is obtained judgment must be suspended. 
If, ae Bertte's Btatanaents strongly suggest, tiie external conditions, 
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aotiag direetiy on the "metebolum," oauie the ehaDges obew re d, then 
the experimenta meui that envinnmeatal oonditKHiB affect cbreetiy 
the devdcqunent (rf the nuptial and the ectqwe phimBge; but it, mI 
niggeet here, (he eff eete observed aie due directly to the eDviitHUDHital 
aetioii throui^ its dTeete on the teetes, then the reeults {alt more nearly 
mto line with tiioee of Goodale on ducks, etc 

C. EnDBNCS FBOU AlUBIBU. 

The thumbs of f roga enlarge at the breeding-season and shrink 
aftenrards. The enlarged thumb is used by Um male in clasping the 
female during ot^ul&tion, and the roi^ papilke that appear over its 
surface at this time may also help to anchor the male in his precarious 
position on the back of the female. Since the pads and their papilUe 
are used in oopulati(Hi, iiney belcaig rather in the class *d accessory 
organs of reproduction than in the dass of secondary sexual characters. 
&nith and SehuBter state for Rana fuaca that the testes are at their 
onallest size in March and April after the breeding-season. From that 
time imtil August they steadily increase in size and reach their maxi- 
mum siie in September. Frcnn Septonber to March ibey are inactive 
and full size, until the diedding of the tpenn. in March brings thmn 
toon afterward to Uieir lowest point again. It is to be noted that the 
mereaae after March is associated with the increase in division rate ot 
the spfamatogonia. The rqiening of the sperm is finished in October. 

The thumb-pads with thur pigmented papiU« are "east off" 
immedtatdy after ^e breeding-season, the thumb remaining smooth 
from May to September. The reduction of the pad is usually due to 
the reduction of the glands and the disappearance of the papills. 
Smith and Schuster state: "During the mtmths when the most active 
growth tA the testis is taking jdaoe the thumb^iads remain inactive 
and smooth." The implication, apparently, is that (x» ou^t to expect 
the growth in the thumb to take plaee idien tiie germ-eeUs are most 
actively dividing, if its growth is connected with thdr activity; bat 
there are no grounds for such expectations, because the influence of the 
gonad may have nothing to do with the division rate of the germ-oeUs, 
but rather with interstitial or other celts, and even liere lees with their 
division rate than with their period of greater secretive activity. 

"In August and September the epidermal prills b^n to be obvious, and 
from this time onwards until about Febniaiy a continuous increase of tlie 
<^dmn^ pflfnlla and pigmentation occurs. During tiie greater part of tlus 
time, when the thumb-pads are attaimtng their cturacteristio loui^ sod pu- 
mented ^pearance, the testes remain inactive and unchanged — a foot whioi 
lias been too readily overlooked by writers on ttie correlation of the primary 
and secondary sexual cfaaractere." 

Nussbaum (1009) and later Meisenhdmer (1911) found tiiat alter 
castration the thumb-pads disappear. Smith ccmfinns ttiis repwt in 
all essential recfpects, altiioti^ in certun details concerning ihe painlla 
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he does not agree whli the two fonner observers. His results diow that 
castration at the breedmg^«eaB(Hi is rapidly followed by the loss of the 
outer papiBated layer cS ^le tiuindy-pads, but castzation at any other 
season doee not have "aaj miu^ed effect," the papills remaining for 
ft mcot^ and m(H« in Hae same eonditicm as at tiie time of castration. 
He essentaal pdnt here, however, is that the exoesBive and even 
epeoial development at the breeding^eeason does not take place nor is 
again assumed (apparently), if castration has taken place at some 
other time of the year. 

Smil^ and Schuster's attanpts to transplant the testes into oQaeer 
males cht fem&lee were unsucoessful, as the testes d^enerate aiiet a 
time. Auto-transplantation of the testes were more Ruceeesful. 

Ronoval of the ovary had no effect on the thumbs of the female, 
and even the injection of testes extracts into such females did not 
cause them to devdop pads. Nussbaum asid Meisenbeimer had 
found that transplantation of pieces of the testes, and even injection 
of testes extract, into castrated frc^ caused an enlargement of the 
thumb-pads. Smith shows that this eondusion rests on xucritical 
evidence. At any rate, his own m<n« carefully fdanned experiments 
extending over the year diow that the results obtained by Niisebaimi 
and by Meiseohdmer may be accounted for on other grounds thaa the 
effect of the injection or implantatimi. 

llie following statement by Smith is not without interest, since it 
bears directly on an impcnrtant question as to how intwnal secretions 
may jn-oduce their effects. 

"The deductioD, therefore, which has been unduly baaed on Nussbaum's 
experiments, that the testis of the frog oontaina an internal secretion, which, 
on being eucolated in the blood, calls for the devctopmeot of the secondary 
Mxualehanetens, either with or without the mediation of tiie nwvoua ^stem, 

is wttihouteiiienoiaital foundation The fact that the develiqaitentat 

tmsle (d the thumb depends for its normal course on the presence of nonnal 
hviug testicular tissue can be equally well explained on the theory that the 
testicular cells enter into a chain of metabolic processes in the body which do 
not pursue the^ ntmnal course in the absence of the testicular cells. Hiis 
distwbwaoe of tlie oonnal metabolic proceasea of the body, resulting in the 
fiilure of the metabolic organs of the body to give rise to their normal prod- 
ucts in Doimal quantities, may have the rmult of inhibiting the fiuiiher devel- 
(mment of the secondary aemal characters. The development of these latter 
characters may depend, ther^cwe, not direethr im the aetioa of an intenud 
secretiai or hcnDtme dnived from the gonad, bat oa the dabwatitm of other 
products in other mgans of the body in their due pmportiiwiB. These sub- 
Btasoes may be tentativety called 's^ual formative substances,' but we have 
no ressOD for supposing that th^ are mtirely devoted to sexual or reproduo- 
tive purposes, and that they take no part Id tJte ordinary metabtriic processes 
of the body." 

The arbitrary distinctions that &mth h^e sets up do not seem to 
me to contribute aiiything to the situation, and in fact in the end it 
amounts to praeticsily the same thing whether the hormone acts 
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directly on some spedfio part of the boi^ or whetbo* in dmog ao it 
acts on other parts as welL While it is more or leu customaiy to 
limit the term "honnone" to aubstancee tiiat do {ffoduoe qwdfic 
effects in a particular organ, no aae would, I etippoee, deny that 
a substance was acting as a hormone if at the aame time it acted on 
other parts of the body also, or even if its immediate action were on 
some part and its ultimate action on anotiter part of tbe animal. 
Moreover, there is nothing in the evidence appealed to by Smith tiiat 
supports one rather than the other contention. It is not i^parent that 
the simpler idea of hcwmone acti(m may not still apply. Failure to 
imidant the testes in caslxated male (x female, and failure oi injeetions 
to produce the results sought for, may mean no more tiian l^t the 
experimenter failed to fulfill some one of the conditions jHcaent in the 
normal f rc^ at the breeding-season. Granting that the results reiXHxled 
by Nusabsiun and Meisenheimer are open to the serious objectitKis, 
pointed out by Smith and Schuster, the facts recorded by all three 
writers indicate that the maximum devd<^ment of the pad takes 
place when the testes are at their greatest development and that tb» 
pad suddenly decreases if at this time the testes are removed. It 
would seem to follow that since the swdling is connected witii the 
presence of a certain condition of the testes, its enlargement is to be 
referred directly to the latter, and the case comes under the general 
categray of "secondary sexual diflferences," depending on tbe gonad. 

Tlie secondary sexual charactera <d Triton crixtofiw can not, as can 
those of the frog, be supposed to be mechanically useful in mating, but 
seem to be comparable in every respect with the secondary sexual 
ornaments of higher «.nimft]«. The work of Bresca has shown that thdr 
development is under the influence of the testes. The most important 
secondary sexual charaeters of the male are the dorsal comb and tiie 
white stiipee of the tail. The comb extends along the dorsal surface 
of the body and of tiie tail (with a slight dip in the pelvic region). It 
is fully developed during the breeding-seascm, whffli it reaches a hdght 
ctfl.5cm. In winter it is only 0.06 mm. high, (H* even lees. Thei^ie 
sbipea also are fully developed in the breeding-season. They extend 
tm each ade from the cloaca to the end of the tail. In the female the 
irinte stripe is sometimes faintiy seen. The angles of the tail and of the 
cloaca thickening are black-brown or black. The belly of the male is 
Imi^t orange or "Zi^^ rot"; that of the female sulphur-y^ow or 
OTange, but the difference is not constant. The upper surface of the 
head of the male is marbled, especially during the breeding-0eas(Hi 
almost disappearing durii^ the rest of the year. Bresca foimd, when 
the testes were removed from sexually mature males, that in the course 
of a year all the important secondjuy sexual characters disappeared, 
including the comb, the white tail stripes, and the marbling of the 
upper surface. Removed of the ovaries did not aSect the characters of 
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the female. The black lower comer <A the tul in the male is not 
dumged by castration. 

When ^e skin along the middle line of the back of the female is 
taanqtlanted upon the back of a n<ninal male (in place of his own comb) 
the traDq>lantod tissue develops into a comb. In other words, under 
the influence of the testis, the dorsal mid-line tissues of the female 
change into ^ose characteristic of the male. When pieces of skin (rf 
a male witii lite white tail stripes are grafted on the side of the tail oi 
anotlier male, the stoipe remains, but when grafted similatiy on a 
female tiie stripe slowly disappears. The result shows that its preeraoe 
dqieiHlB on the testis. 

A rranarkably clear esse oi hormaphroditism in amphlbiana was 
found by V. la Vallette St. CSeorge. He found an individual of Triton 
UmiatHt tiiat was outwardly a male with well-formed dorsal comb. 
In Uta interinr wotb two large testes in normal poraticm and just 
lateral to these on each side a lai^ ovary. Sections ^owed ripe sperm 
in Quo testes and typical ova in the ovary. Spermrducts were present, 
but no oviducts, lie presence of the testes will, of course, account tor 
ibe development of the secondary sexual charsct^s of the male. 

Other cases amcHigst ihe Anura have been recorded by Loisd and by 
Marshall, Spengd, and Enappe. In the early stipes of the gonad in 
frogs there appears to be an hcomaphroditic stage in which %g motiier^ 
cdls and sperm mothef-cdls are both present, at least in thoee individ- 
uals that will later become males (Eusakowitsch). 

The Dormid hermaphroditism of certain fish (Serramta) and its rare 
oocunence in other species (recorded by Shattuck and Seligmanu) 
need not be reccNrded bere.^ 

D. E)vn>Bitcs TBXM Cbustacbanb. 

In the Crustacea the secondary sexual characters are not marked, 
except in a few cases. In the amphipods, Holmes has shown direct 
contect plays the chi^ r61e in mating, and in the crayfish it has been 
shown by Dearborn, Andrews, and Pearse that sex Tecc^;nition is largely 
tactile. Chidester also has shown this in crayfish. Even in crabs, 
and especially tiiose living on land which have well-developed eyes and 
good vision, secondary sexual differences are as a rule sli^t and tiie 
mating instincts simple. On tiie other hand, the enormous chela of the 
male of the fiddler is supposed to be a secondary sexual difference 
(nudnly because no other use for it has been found). Pearse suggests 
thai, the waving of this claw by the male is used as a sex signal, although 
he is disincUiied to accept Alcock's view that it has become "con- 
spicuous Mid beautiful in order to attract the female." 

Tbe most remarkable case known of a change in the secondary 
sexual characters of one sex into those of the other was discovered by 

> Sw the lBtt« alio fot nlMkMi to LaevtiHa uid CMoMio. 
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Ourd in 1886. Aa a result tA infection hy pararitie erustaoeft (e. g., 
Saeetdina), the male crab dev«lopa the secMidaiy sexual rtuvaotera oi 
tiie female. It has been gemntUy nippoeed, fottowing Giard, ttiat 
thia result ie due to tAte destruoticm al the testee of the male l^ Ute roots 
of the poiasite t^t invadee ttie epaees between tbe orf^xa of the 
host, and, in the ease of the teetifl, ultimate brings about its partial 
or complete destruction. Not unnaturally the reeults here were sap- 
poaed to be parallid to those of castration in vcrtel^atee, and received 
in fact the name of "pontfitic easfcratian." Man reoentiy Qeoffirer 
ftnith hai studied tiiis pbenommm in the crab Inaehut, infected by 
the parasite Sacadina, and has reached the conctusioa tiiat tite change 
is not due to injury or to deetruetion of tbe testes, but to a change in 
tile metalxdism of the crab broi^t about by the panudte. 

Taking Geoffrey ^mth's case of Inaehu^SaeaUina as typical, tiia 
changes brou^t about are as fdknn: The parasitee attadi themodvea 
to tiie young crabs before tiie eztMiud secondary sexuid <fiffereneeefaaT6 
ajqwared. In the females, the effect is to cause thesn to develop ^n- 
maturely the distinctiTety female chantcters. In the male, tm the 
other hand, the narrow abd<Hnen of the male dianges aft«r a molt into 
tiie broad abdomen of the female, -wiaeh also dev>riops ovigeroua 
ajtpeadaiSOB on its ventral surface like those ot tiie female in every 
detail. The larger claw of the male changes into that of the female, 
i^cb is different in form as wdl as in size. Some years ago I ven> 
tured to raise the question as to whether tiiese effects on the male 
might not be interpreted as retention of the juvenile diaractere rather 
tiian development of the female diaracters in the male. Hiis might 
appear more especially the case in the somewiiat more juvenile shape 
of tiie anterior abdominal appendages and possibly also in the shape 
of the broader abdomen; but Smith has later shown that the results 
can not be interpreted as juvenile, for when the changed oi^;ans are 
examined in detidl they are found to differ from the same organs in 
the juvenile condition, and to be identical with those of the adult 
female. I think, therefore, that we must accept this interpretation of 
Giard and of Smith as correct. But Smith goes further and befieves 
that the effects may be carried so far that eggs develop in the old 
testes; in other words, tiiat the testis changes to an ovary. It seems 
to me that the evidence to support this last point E&ould be mudi 
stronger than that advanced by Smith before we can accept this 
interpretation, for we lack the essential control for this evidence. In 
only a single case were eggs found — in the testis of a male that bad been 
infected, but from which the parasite had fallen off, and which ires 
presumably recovering from the effects of its presence. Now, it is 
known that in the testes of some male animals a few ^gs may occa- 
sional^ be found where there is no suspicion that the animal has 
changed its sex. In some Crustacea, in scorpions, and in insects, 
isolated instances of this kind have been found. Atmcrmal dividon 
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of ft spauatogtmial oeU, of such a kind that both sex ofanxnoBomes 
^ the <]Me of insects at least) got into the same cell might be expected 
to cause such a oell to beotnne, even in the male, an egg-c^ rather 
than a q>enn-odl. The degenerative changes of the teetee in the 
hermit crab caused by ^e paradte mi^t be imagined to £av(ff such 
abncnual division with its consequences. More significant, however, 
is the fact that the parasite causes the abscoption of the ovary when 
H infects a young female, so that even all its e^s disappear. In other 
words, the parasite is as injurious to the peculiarly feoiale (H^an as it 
IB to the testis. Why, then, (me can not but ask, should an influence 
that causes such effects on tiie ovary first change a male into a female 
so long as it is preeent and then whoi the parasite has disappeared leave 
an influence behind oi a kind tiiat causes the ovary to develop — an 
organ which the parasite destroys when the parasite is present? Is 
it not more pn^Mtble that on^ the sectmduy sexual organs woe 
ehanged, without change in sex, the single case of %gs observed being 
caused in anothor way? This point can (mly be settled by direct eiqKr- 
imentaticmeitherby removal of the testis, l^ injuring it, or by injection, 
grafting, or feeding ei^Krimente. Theextentof theteetiaanditsposition 
main it impossible to remove it l^ an operation, as I have found after 
rqieated attempts. It seemed eaaer to destroy it by radium. This I 
have tried to do, mang very powo^ul tubes, treating the crab (fiddly 
crabs) for several hours. The crabs had had one claw removed — ^the 
enormously lai^ one — and were kept until the next molt, that occurred 
from a week to six weeks later. In none of the cases was any change 
produced. "Hie large claw of the male regenerated, of coiu-se, not full 
size after only one molt, but after several nearly full size and always 
with the peculiarities of the male crab. The abdomen and the appen- 
dages were not changed. Whether the significant cells of the testes, 
if there are such cells apart from the gom-cells, were destroyed, can 
not be told, for as yet the histological ^lamination of the material has 
not be^ made. Until a successful oi)aiition has be^ done, I think 
we must heffltate to accept Smith's argument, although based as it is 
on a series of interesting observations. His speculation is as follows: 
"The reason why Saeeulina causes the assumption of the adult female state 
in Inachut is founcl in the facts: (1) that the roots of Saccuiina elaborate a 
yolk-substance from the blood of Inachus of a similar nature to that which is 
elaborated in the oraiies of an adult ZnocftiM: (2) that in <wder to elaborate this 
yolk-substance the roots take up from the blood of Inaekut the female sexual 
formata<H) substance, which is the necessaiy material for forming the yolk; (3) 
that Ute female sexual fonnative substance being absorbed by the SaecuUna 
roots is tegenerated in excess; (4) that tiie ptesMioe of the female formative 
substance continually circulating in large quantities in the body-fluids of the 
infected crabs causes the production of adult female secondary sexual charac- 
ters, and, when the parasite dies, of yolk-containing eggs." 

In brief, the evidence consists in showing that in the parasite a yolk- 
Bubetance j^pears, wideh Smith says comes from the blood of the crab 
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that produces it under the influence o< the paramte. Inddentally, as 
it were, this is said to be the same yolk-substance (but no sufficient 
evidence that it is the same is given) that the ^gstoree up inside itself, 
and it is OMumed that it is a formative sdbstanoe tikat causes tike odl 
that gets it (or contains it or secretes it—details aie wanting) to 
become an egg-celL It is the excess of this substance produced by the 
male crab, while still a male, imder the influence ai the parasite, that 
affects the abdomen and its appendages in such a way that Uiey assume 
the female condition. There are too many assumptions in Uie argu- 
moit, some of which are scarcely of a kind that our knowledge of 
devdoimient, incomplete as it is, can allow us to accept without more 
direct evidence in ^eir support, to make this view very plausible. 
Until better evidence is fortlieoming, I fail to be convinced l^ Smith's 
interpretation of his facte. 

Into Smith's and Robeon'a interesting obeervations on the blood of 
crabs, described in Smith's later paper (part 7, 1011), it is not necessary 
to enter hne, since the evidence takot as a whole offers little further in 
support of his view than had been already assumed. The aif^ument <m 
page ^3 should not, however, pass unchallenged. Smith sajra : 

" It in dear that the old and familiar idea of an internal secretion produced 
fay the gonad being the stimulus for the development of the Bectmdary sunial 
fjiaracter could not be ^plied here, ranee at the time that the alteratiooB in 
the aecondary sexual characters take place no ovary is present to give rise 
to the TequiiiBd Btimulua, It is suggested, therefore, that in sone way the 
stimulus must reside in the roots of the SaecuUna," etc. 

The argument seems to imply that, since the aectmdaiy sexual 
diaracters of the female can not be produced by an ovary in the infected 
male, therefore the SacetUina must take the place of t^ ovary. But 
why make such a suppoution, for if the testes nmply keep down the 
development of the female characters, as Giard supposes, there is no 
need either for an ovary or for a Sacculina to develop them. One nu^t 
as well argue that since the cock does not develop the secondary sexual 
characters of the hen that an ovary is essential for their development — 
niiich is true, but not in the sense implied. 

Stamati (1888) states that he attempted to remove the testes of 
adult crayfish and apparently succeeded, but nnce no effects are 
eoqiected until after a molt occurs (that may not take place for two 
years or more), no results were obtained. Injections c^ the gonads 
witii an acid ffdled, unce the Anim*.b> died. 

K Etidsncb nou Inbbcis. 
In 1899 Oudemans succeeded in finding a method of removing the 
testes and ovaries from caterpillars, luing a dimorphic species, Ocneria 
ditpoT, the gipsy moth. The results were negative; none of the secon- 
dary sexual characters of the male or female moths oi the accessory 
oi^ms of copulation were in the least affected by the operation. The 
castrated male copulated as readily with the female as did the normal 
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male, while the spayed females also behaved as normal individuals ol 
that sex behave. K^ogg, in 1904, repeated the same operation in the 
Bilkwcmn moth on a small scale with the same results. Kopec and 
Meiseoheimer, in 1909, repeated in a more detailed way Oudemans's 
work. A furth^ important addition was made by Kopec and by 
Mdsenheimer. They transplanted ovaries into a castrated male and 
testes into a spayed female. Neither gonad produced any effect on 
the characters of the other sex. It is interesting to note that the testes 
underwent their normal development in the body of a ^layed female, 
Mid even in one with the ovaries present, and that the ovary also imder^ 
went normal development in the body of the male. In other wcntis, 
there is no intolerance of the tissue of one sex to the gonad of the other. 
This result is all the more imexpect«d, because other observations have 
shown that the color of the blood, and its chemical {ntyperties, is quite 
differrait in the male and female moths of ccatain species. 

In the case of moths, therefore, if these cases be r^arded as typical, 
the situation from the point of view of sexual selection is much simpler 
than in birds in the sense that the secondary sexual characters are 
directly the product of the genetic c<mBtituents of all the cdls, uid not 
influoioed indirectly by the secretions from the testes or the ovaries. 
Sexual selection, therefore, if it is an agent in the evolution of the dif- 
ferences between males and females, has acted on the genetic complex 
to produce these effects on either sex without the result being involved 
in the conditi<Hi <rf the ovary or tiie testes. 

Regm castrated crickets, Orjfilua eompufrts, in the larval stafges and 
found no effects on the adult structures. The castrated males chirped 
like n<Mmal males and mated with the females. Spayed fenudee were 
like normal females; they bored holes in the ground, but laid no eggs 
in them, of course, as the ovary had been complete removed. 

The only genetic evidence in the group of insects, outside of the 
vin^ar fly, relating to the secondary sexual inheritance of the second- 
ary sexual characters is the following important experiments made by 
Foot and Strobell: 

The male of one of the bugs, EvchietuB varioJaritu, has a black spot 
on the end of the abdom«i — a spot that is not present in t^ female. 
Foot and StrobeU crossed a female of this species to another bug, 
E. tervut, that lacks the spot in both sexes. The dau^ters had no 
spot, the sons a faint spot less developed than in vanolaritu. These 
inbred gave (in Fj) 249 females without a spot, 107 males with a spot, 
and 84 males without a spot. The results are e]q)lieable <m the view 
that a sinf^ dominant Mendelian factor, not-eex-Jinked, causes the 
QMt in the males, but the presence of the gene in the finale produces 
no effect. The effect, therefore, is sex-limited, t. e., its expreesifm is 
determined by the rest oi the tiomplex male or fonale. 

The very important breeding experiments carried out by Gfdd- 
Bchmidt on vaiieties of the 0ipsy moth should be referred to in this 
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etMuieetion, but aa I have reountly reviewed these Tecalts in Uie pttp&t 
on KyiuuKb«Doiph8 written in ecJlaborati<m with C. B. Bridses,* I 
need on^ refer to that account here. 

[Not« added April 21, 1919.] 

Shcxily after tbe preceding p^ier was fini^ied a theses by A. P£iard on Uie 
MCtHida^ sexual characters ol birds reached me. In it tbe author gives an 
account of a number of experiments that he has made with poultry and with 
I^ieasants. His description of the changes that take i^aee after castration 
are Dtcne exact and mne detailed thui any otbn* so far feocrded ; bat in general 
the reeulto detained by Ftean), throui^ castration, are tiie same as those 
that had been obtained by others. Castratitm (4 4 male silver pheasants are 
reported. No change in the plumage results, although the chaises that take 
place in the comb snd wattles are the same in kind as those observed in fowls. 
Tbe eeKual instinctaandpeeoliarities nl the voice and their belligerency are also 
loat. SimihriyigcddenirfwaBantsthatweieopmatedangKvewaainennilta. 

Three pbeannts with mixed plumage (PAomonim eetdueat) wen examined. 
Their te^es ^oved, on histological CTmninntinn^ to be inq>erfect]y develcmed. 
It is not evident what relation existed between the facts and the mixed plum- 
age. The suggestions made by Petard seem inadequate to cover tbe cases. 

Teetietilar tissue transplanted into castrated oooks whose omnh, wattles, 
etc, had undergtHie ret r ogres o ive changes brou^t about a return to the nomuu 
conditions after an interval during which the implanted nodules had begun 
to regenerate. 

TE»ticular extract from tbe cryptorchid testes of swine was injected into 
castrated cocks. In one case this resulted in a rapid growth in eate of tbe 
comb, which, after 2 months, had reached its full sise. Cessation <tf the injec- 
tions led immeiliately to a c e ee s tioo of growth. Before injection the bird 
exhitated the pacifiatic cbaraetcdstica of the c^xm, but the injections brought 
out little by little the agjpressive behavior of the nonnal male. The voice 
reappeared and "nous assistons & une veritable criee de puberte." 

A histological study of the testes of the fowl and of pheasants ahowed that 
mud) connective tissue is characteristic of young iHrds. In the adult cock, 
and during the mating sesaon ot tbe i^ieasant, %ht connective tissue beooanea 
larg^ crowded out by the enlargement of the tubules. P£sard ooooludea 
that the " interstitial " cdls in birds have nothing to do with the secondaiy 
sexual characters, but that these come rather under the influence ot the ger- 
minfd cycle of cells of the testes. The submergence of the connective-tissue 
celb of pbeasante during tbe breeding-eeason and their reappearance during 
the rest of the year might appear to have some relation to the facts that I 
have recently described in Sebri^ita, but as the nuptial plumafge of the male 
remaina the same tbrou^out the year we can not ascribe any direct influence 
to this tissue. Nevertheless, the different tissues of the testes in birds that 
show seasonal dimorphinn of plumage should be carefully examined. 

P4iard made a few obeerrationB on hems whose ovary had been removed. 
His teeulta are b accord with those of Ooodale, except that he thinks that the 
ovary has no influence on tbe erectile organs (comb, etc.) winch aoquin in the 
spayed bird the sane length as that of the nonnal female. 

Two hens showing male characteristica and a pheasant similarly affected 
are described. In Ml three cases an examination of the ovary was found to 
be undeveloped or abnormal. 

* Cmnte^ tort. Wuh. Pub. No. 278, 19 IS. 
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PART IV. 

SUMMARY AND CONCLUSKK^ 

1. The two prindpal reeulta obtained were: (a) HoA castraticHi of 
hflo-feathered Sebri^^t nulee cftusefl them to devel(q> the fuU i^umage 
duuBctcoistie ci the cock-bird ; (6) that ecnuplete hen-featherii^ is due 
to two domimuit Mendelian genes. 

2. A starikiiig cjunge takes place irtiai the SetHig^t nude is castrated 
(plate 1, &^. 3, 4; plate 3, fig. 1). The new feathen oa the upper 
surface of the head, neck., back, wings, rump, and tail-covertB assume 
a difFerent cotcv and distribution of their pigment ; they take on a new 
tibaipe, and in those regions where in the cock the barbules are absent 
from a part of the mai^ of the feaUier, the same absence occurs in the 
castrated birds. Sudi feathen are preeent on the neck, back, wing- 
bow, and rump. The transition is shown in the figures in plate 6, 
where for ofxnporuon one of the old and one of the new feathers lie 
mde by side. The tail-coverts in the hen-feathered bird are short, and 
like those in the hen do not cover the true tail. After castraticHi they 
become eKoessiyely long — longer, in fact, tiian in m«iy cocks — and 
eover the true tail featheiB. The tail feathers themselves, moroovo*, 
becmne increased in lei^th, as do the posterior row of feathers of the 
wing-coverts. On the breast and sides the change is less marked. The 
castrated Selwi^t loses his erect carriage, but how far this is due to the 
1jlangeBinhi8plumi^Seandhowfarisre^ (as a result of a new balance 
due posribly to the kmgthening tail and its coverts) I can not decide. 

3. While castraticHi causes the hen-feathered male to make addi- 
tions in color, length, and size of many feathers, it causes at the same 
time the otW retot^ressive changes characteristic of the capon (a 
castrated cook-feathered bird); the comb uid wattles shrink and 
become pale, the birds afanoet cease crowing, and become timid. They 
do not make much effort to mate witb the hens, but when they do they 
show the usual copulatory reactions. 

4. If feathers are removed at the tinu (^ castration, the new feathers 
show the full ^eot of tiie removal of the testes, although they must 
have begun to develop immediately alteward. It is suggested that 
by means of this delicate test the time relationa c^ the internal secre- 
tion can be profitaUy studied. 

5. Featiiers that may have started their development at the time 
of ihs operation show the tM influence at the tip ot the feathers 
(plate 10) and ttie new (Hie in the rest of the featW*. The diange is 
a^mipt, iJtiiough the transition is perfect. 

6. InccMni^te castration of the ho^feathered male leads to smaller 
duutgee in 1^ same directicm than those following conqalete castration. 

Wberesudi small piecee of the testis were left that comiriete oock- 
(eatherii^ fdlowed, the bird slowly duutged bade to hen-featbenng 
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as the tefltee begKa to Tegeoer&te. When the regenerated piecsB were 
removed the bird became cock-feathered again. 

7. One Sebright male idioee testes appear to have been completely 
removed did not idumge the character of the plmnage. No testes were 
found on autop^. It is suggaited tiiat some other endocrine organs 
have taken over the functi<Hi of the testes, but as yet noDe such can be 
indicated. 

8. In one case an cAd hen-feaUiered (Fi) male began to change over 
to cock-feathering. It was found that his testes had dwindled (prob- 
ably throui^ disease) to very small ^se (10 by 5 mm.). 

9. The Fi male t4 the cross between the Sebright and game is also 
hen-feathered (plate 2, fig. 1). Aftw castration he becomes cock- 
featiiered (plate 2, fig. 4) and shows thereby the genetic type of the 
heterozygous cook-^eatiluEred class in which his hea belongs. The 
change in tiiis male is even mare strking thaa that in the Sebri^t. 
llie change in the individual feathers is shown in plate 7, figs. 1 and la. 

10. Three types of Fj hrai-feaUiwed castrated males are shown in 
plate 2, figure 3, and plate 3, figure 3 and figure 4. The first was 
a daric bird that changed to a lighter red above. The third a gnqr 
bird that became Ini^t red; tiieseotmd was a lig^t y^ow ttiat became 
deep y^ow, etc. Tlie class oi imta to which such males belong, as 
oock-featiierBd Inrds, can thus be found out l^ castration. In this wi^ 
ihe Ft, and bock-cross, ben-feathwed cocks can be classified with the 
oorreqpMuliDg Fi eock-featiund males. 

11. In ihe Fi generation, made up ci birds from the direct and 
xedprocal crosses taken togetlier, there were 29 hen-feathered and 
26 cock-^eatiiered males. In the back-cross (Ft hen by game male) 
the classes were 2 and 7. The results seem in betto- accord with 
Um assumptioD that two factors are present in the Sebright that stand 
for hen-feaUMring; that uUier alone will give hoi-feathered birds 
(intermediate type?), but that both together give the extr^ne type of 
hen-feathering seen in the Sebright. 

12. The diffoence in color in the two races (Sebri|^t and Black 
Breasted Game bantams) is very great. The former have almost 
uniformly laced feathers, while ihe Utter has the varied plumage oi 
the juns^fowl. The game is strcmgly dimcffphic in oolw and color- 
pattern ; the Sebri^t has the same type of coloration and pattern both 
in the male and fem^e, but tiiis is deceptive, as castration ahows, 
because the castrated male is as strikingly difframt from the uanaaX 
Sdiri^t female as is the cock of other birds from the hen. The 
reeranblance of male and female in this race is due to the 8uppreesi<Hi 
of the true male plumage by something produced in tiie testes. There- 
i<ae the hwedity t^ dimorplueai reserves itself here into the problem 
<rf the hotidi^ <rf bem-f eathcring. That the female Setni^t has the 
tame genetio &wt<n8 as the male is shown l^ the fact that she tnii»- 
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mits hen-feathering in the same way as does the male, and also by the 
fact, as Darwin pointed out, that an old female S^ri^t whose ovaries 
had degenerated developed not the hen-feathered plumage of her own 
cock, but cock-feathered plumage like that of moet male poultry. 

13. The color of the Fi birds is shown in plate 2, figs. 1 and 2. Id 
gfinexai, the feathers are stippled, black and light ydlow being the two 
most coDspicuous ingredients. Since hen-feathering dominates, the 
dimorphism is absent, or at least is so sli^t as to not attract attention 
— little more, in fact, than in the Sebright race. The carriage of the male 
is like that of the Sebright male. The Fi male and fem^e are alike in 
the direct cross and the reciprocal, or at least no conspicuous differ- 
ence is found between the two classes of hens, indicating that no impor- 
tant sex-linked factors are involved in the cross. 

14. The Fi birds show a great variety of color and pattern, but those 
obtained cui be approzimately grouped into 16 classes. The classes 
are, however, admittedly not uniform, indicating minor factors not 
here reckoned with. The classification of the hens is easiest; the Fi 
hen-feathered males can then in many cases be referred to the proper 
classes; the Fi cock-feathered males can not be accuiatdy classified 
with their ctnrespcaiding hens, except in the case of those that resemble 
the two Pi males, the Fi male, and those that castration experiments 
of the hen-feath«red males have shown to belong to certain hen types. 

15. Despite the admitted difficulties of classification, it is suggested 
Uiat three factor-pairs of differences will cover t^ main color classes 
seen in the Ft and in the baek-croes. One or two of these seem to be 
incompletely dominant, mnce the Fi birds are not like mthv parent in 
any ringle character, nor are tbey like the wild type in so far as this is 
rqireemted by the game. 

16. A histtdt^cal examination of the testis of the male Sebright by 
Boring and Morgan has shown that it contains cells like those present 
in the ovary of all breeds of poultry. These cells are called luteal cells 
by Pearl and Boring, from their resemblance to the cdls of tiiat name 
found in the ccorpora lutea of rnftunrnfila . In the TmaininftlH similar cells 
are supposed to produce internal secretions that act as hormones. 
Their function in the female bird is unknown, but the fact that after 
the removal of the ovary the female develops the secondary sexual 
plumi^ of the male suggests that scnne secretion from these cells 
perfcnuB this function. Their occurrence in the male Sebright and their 
M»iif»let« absence, or paucity, in the malee of othw races supports 
strcm^ tiie view that tiMse cells are conooned with the sappneaati 
of the seccmdary sexual plimiage. 

17. While in mMnmaU tlie interstitial odls have beoi supposed to 
fnttduoe an internal secretion that causes t^ development of some of 
the eectmdary sexual characters of the male, and the fuUer elaboration 
of others, in birds no such connection exists, if we except the case 
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of the Sebright. Cast9a,tioii of ordinary males does not affect delete 
iously the Becondaiy sexual plumi^ (^tboi^ it does the comb, be- 
havior, etc.), in fact may even enhance their effects. But, vitile in 
the mAmiriftl a secretion is neoessary tor the full development of the 
secondary sexual characteas, in the Sebright a secretion inhibits certain 
of them. What element in the ordinary bird and in the Sebrigjit 
causes the full development of the comb, wattles, sexual behavior, etc., 
is not known. Possibly it is the sexual elenienta themselves, but 
possibly it is a secondary influence of the luteal cells producing a oon- 
tnuy effect on these parts from its effects on the feathers ; but possibly 
mcae than one kind of secretory cell is present in the testis of iiie cock. 

18. The causes of Uie development of the secondary sexual characters 
are seen to be of such diverse phynolofi^cal kinds that one may well 
hesitate to apply the same e:q)lanation as to their evolution. In fact, 
it is pointed out that several of the theories that have been suggested 
run counter to the conditions that bring about the devdopment of the 
secondary sexual characters. 

10. An attempt is made to give a critical review of Darwin's theory 
of sexual sdection in the light of the modem genetic and operative 
results on the secondary sexual characters of the vertebrates. It is 
pointed out that far from extendii^ the general theory in its implica- 
tions, the modem work has shown in the fiist place tiiat the underlying 
conditions that call forth the development of the secondary sranial 
differences are so diverse in the different groups of aniTnals that it is 
a priori very unlikely that this evolution can have been directed by the 
same external agent, such as the choice of the female, for such mi 
assumption carries with it in several cases other implications concerning 
tiie causes of the suppression of these same characters in the femide 
herself, etc. In the second place, it is pointed out that the problem of 
Uie excessive development of certain characters in the male irtLose 
genes are present in both sexes no longer oppresses us as it did Darwin, 
for it has been shown both by the genetic and by tiie operative woik 
that a sin^e factcnial difference may be at the root of exceedin^y 
great differences in the individual. Such results, iriiile they admittedly 
do not in mott cates tell us that the differences involved have arisen 
at a single prt^reesive step, show us nevertheleBS that such differences 
may depend on very simple initial differences, and if so, the entire 
problem becomes enormously simplified. To Darwin the excessive 
development of color and ornamentation appeared due to a long, slow 
process of evolution laboriously brou^t about by the female throu^ 
selection of those males a little more omamaited than thdr fellows. 
To-day we have found out HtsA in many cases the genetic compositiMi 
of a male with such onuunentation and of a finale without it may be 
almost idmtical, except tiiat the gmes in aae tAacanoBoma are duplex 
in one sex and rimplex in the other. Owing to this initial difference, the 
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femfde in birds produces an internal secretion that suppresses in her 
the ornamentation shown by the male, and in the mammal an internal 
secretion produced by the t^tes causes the full development in the male 
of the secondary sexual characters. If, as seems probable, these secre- 
tions are some particular kind of substance, the condition that led to 
their appearance historically need not have been very complex; and 
if not, the problem appears simplified. It still remains to pve some 
reasonable explanation as to why such substances should continue to 
be produced if their products— the secondary sexual characters — 
possess no "beauty" for the female. Here more work is necessary, 
but the modem genetic point of view may possibly give an important 
clue. We are coming to realize more fully that the hereditary genee 
generally have more than a single effect on the characters of the animal. 
The secondaiy sexu^ diaracters may, then, be only by-products of 
genes whose important function lies in some other direction. If, f<a' 
example, the secretion produced by the cells of the male have an 
important influence on his output of energy, or strength, or activity, 
their secondary influence over certain parts of the body would not caU 
for any further explanation on the modem view of natural selection. 
If the secretions of the ovary of the female bird have some direct rela- 
tion to her phy^ological processes that are important in the develop* 
ment of the oviduct, for instance, it would be a matter of no importance 
from an evolutionary point of view if that same secretion e 
in her the development of the b^ color shown by the male. 



Digitized by VjOOQIC 



BIBLIOGRAPHY. 



AIjCock, a., 1892. On the babiti of Gala*imui onnuItpM, As. Mag. Nat. Hist., VI. 
Ancbl, p., it Bouut, 1906. Sur I'eSet dee injections d'extiut de glande into-etitidle du 

tcetieule but la croiwuioe. Compt. Rend. Acad. 8c. Puis, CXLU. 
Arkxll, T. R., 1912. Sopie d&ta on the inhentanoe of hcHiu in sheep. N. H. Agr. Exp. 

Sta. BuU., 160. 

, 1912. The nature of the inheritance in sheep. Scienoe, n. s., XXXV. 

— — , and C. B. Datxmpobt, 1912. Horns in sheep as a typical aex-Umited char- 
acter. Scienoe, n. s., XXXV. 
Baixson, W., and E. R. Sadndbbs, 1902. EzpeiimentB with poultry. Reports EvoL 

CSommHtee, I, Part II. 
— — , E. R. Sauttoebs, and R. C. Punnbtt, 1905. Exp«imratal studies in the 

physiology of heredity. Reports Erol. Committee, II. 

, 1906. Poultry, Reports Evol, Committee, III, 

, 1908. Eiperimoital studies in iha physiology of heredity. Reports Eti^ 

Committee, IV. 
, and R. C. Ponhktt, 1911. The inheritanoe <^ the peculiar pigmentation of the 

diky fowl. Jour, of Genetics, IH. 

, 1913. Mendel's prineiplee of heredity. Cambridge. 

Baub, E., 1S14. EinfOhiTung in die experimentelle Vererbungslebre, Berlin. 

Bebbi, C. W., 1906. Preliminary report on an inveetigatitm of the seasonal changes ot 

color in birds. Amer. Nat., XLII. 
Bkbokhdal, D,, 1888. t)ber abnorme Formen der ersten abdominalen Anhinge bei 

einigen Kr^Mweibschfn. Bihang till K. Svokska Vet.~Akad. Hand- 

Ungar, XIV. 
Bkrtkait, p., 1891. Beflchreibung einee Arthropodeniwitters. Arch. f. Nat. gee., LVII. 
Bond, C. J., 1913. Some points of genetic interest in regeneration of the testis after 

experimental orchectomy in birds. Jour. <rf Gen,, III. 
, 1914. On a case of unilateral development of secondary male charactcn in a 

pheasant, with remarks on the influence of hormonee in the producti<m of 

seoondary sexual characters. Jour, of Gen., III. 
BoBiNO, AucB M., 1912. The interstitial cells and the supposed intenal secretion ei the 

chicken twtis. Biol. BulL, XXIII. 
, and RATMOim Peabl, 1917. Bex studies, IX. Interstitial cells in the repro- 
ductive organs of the chicken. Anat. Record, XIII. 

, 1918. Sex studies, X. Hermaphrodite birds. Jour. Exp. ZooL, XXV. 

, and T. H. Mobgan, 1918. Lutear odls and hen-f eatliering. Jour, of Qtm- 

e«l Physiology, I. 
BoTTBira, A. G., 1S84. On certain abnormalities of the common frog. Quart. Jour. Micro. 

Scienoe, XXIV. 
Bbamdt, a., 1889. Anatomischee und AOgemeines Qbor die sogenannte Hahnenfedri^eit 

und fiber anderweitige Geeohlechtsanomahen bei VOgeln. Zeits. f. 

wias. ZooL, XLVIII. 
Bbbsca, G,, 1910. ExperimeDtelle t^ntersuchungen uber die sebmdAren Sexualeharaktwe 

der Tritonen. Arch. Entw.-mecb,, XXIX. 
Castlb, W. E., 1912, Are horns in sheep a sex-limited characterT Sdence, n. a., XXXV. 
Cbidestbb, F. E., 1911. The mating habits erf four species of the Braohyura. Biol, 

Bull., XXI. 
Choloikiwbkt, N., 1908. ttber den Hemu^ihniditismuB bei Chermee-Arten. ZooL 

Am., XXV. 
100 



Digitized by VjOOQIC 



BIBLIOGBAPHT. 101 

CiLLKru Dis, J., 1912. A ptopoi du detcnniniBoie des oanetires sexual seoondakinfl ehea 

lea oiaeaux. Compt. Rend. Soo. BioL, LXXIII. 
CutmotauAu, i. T., 1908. The heredity of aecondary sexual chancten im relation to 

hormoaes, a theory of the hwedity of somatogenic charactera. Arch. 

Ent. Mod., XXVI. 
Dabwin, Chablxs, 186S. AnimAla and plants under domestication. 
Datkmfobt, C. B., 1906. Inheritanoe in poultry. Camepe Inst. Wash. Pub. No. 62, 

1908. 
, 1909. Inbwitance of oharacteristics in domestic fowl. Carnegie Inst. Wash. 

Pub. No. 121, 1909. 
— ,1911. Anothe* case of Bex-limited heredity in poultry. Proo. Soe. Exp. 

BioL, Med-, IX. 

, 1912. Sex-limited inheritanoe in poultry. Jour. Exp. Zool., XIII. 1912. 

DrrrucH, V. R., 1888. Uber Andrena praooox $ and Attaeut fivmatilU 9 mit teilweise 

mflnnlichen Kennaeichen. Zeit. f. Ent., XIII. 
DuBHAH, F. M., and D. C. E. Mabstat., 1908. Note on the inheritanoe of sex in oanariea. 

Reports EtoI. Committee, IV. 
FoQxs, Asrans, 1903. Zur Lc^tre voa den aecundAren GeacblechtfloharakterraL Arch, f, 

Phya., 93. 
FoWLEB, C. H., 1894. Note« on some specimena of antlers of the fallow deer, showing 

ccmtinuouB variation and the efFOeta of total or partial castiBtioa. Proe. 

ZooL Soo. London. 
Qmddis, a. C, 1910. Abnormal bone growth in th e absence of functioning teeticloB. 

Proo. Roy. 8oc. of Edinbui^, XXXI. 
OiABD, A., 1904. Comme la castratioa agit-elle sur lee oaract^res aexuels eecondaireeT 

Compt. Bend. Soc. Biol., LVI. 
QiasLEB, C. F., 1881. Description of a hermaphroditic phyllopod crustaoean (futoan- 

ekiput). Am. Nat., XV. 
QoODAiA, H. D., 1909. Sex and its relation to the barring factw in poultry. Science, XXIX. 

, 1910. Some results of castration in ducks. Biol. BiUl., XX. 

, 1910. Breeding experiments with poultry. Proc. Soc, Bzp. Biol. Med., VII. 

,1911. Studies in hybrid ducks. Journ. Exp. Zool., XX. 

, 1913. Castration in relation to the secondary sexual characters of Brown 

Leghorns. Am. Nat., XLVU. 

, 1916. A feminiied cockerel. Joum. Eip. ZooL, XX. 

, 1916. Gonodoctomy. Carnegie Inst. Wash. Pub. No. 248. 

, 1017. Ooasine-over in the sex chromosome of the male fowl Science, XLVl. 

OiTBNiiT, J. H., 18SS. On the occasional assumption of the mole plumage by female birds. 

lbifl,Vl. 
GinrxR, M. F., 1909. The sp^matogenesis oA the domestic guinea (ATumtiJa meUa^jrU 

dom.) Anat. Am., XXXIV. 
, 1909. The spermatogenesis of the domestic chicken (OoOua gaOut dom.). 

Anat. Am., XXXIV. 

, 1909. On the sex of hybrid birds. Biol. BuU., XVI. 

, 1909. La livri e du plumage obex les hybrids de pinta de et de poute. BulL 

du Museum, d'hist. Nat. No. 1. 

,1910. Accessory chromosome in man. BioL Bull., XIX. 

Gdthiux, C. C, 1911. On evidence of some influenoe in offspring from engrafted ovarian 

tissue. Science, XXXIII. 
Hadlbt, P. B., 1913. Studies on inheritanoe in poultry. I. The constitution of the White 

Leghorn breed. BulL Agr. Eip. Station of the Rhode Island State 

College, No. 156. 
, 1914. 11. The factor for the black pigmentation in the White Le^bom breed. 

Bull. Agr. Exp. Station of the Rhode Island State College, No. 161. 
Halban, J., 1903. DieEntstehungderGeschlechtscharakten. ArGh.f.Gyn&kologje,LXX 



Digitized by VjOOQIC 



102 BIBOOORAIPHT. 

Haitau, a., 1897. Venndte tiber den Eftifluw der QesdileehtodrflBeD and die BeeoadlKa 

Sexualoharaeten. Areh. f. gw. Phys., LXV. 
Wtwm, J. A., A. F. Blaxxslix, and W. E. Kibkfatbick, 1918. The oomlatiaD between 

egg produetion during wiona pcnods of tlw 7001 in domeetio fowl. 

Genetiofl, III. 
HCQAB, A., 1903. Kmrelstion der EeimdrDsen und OwifManMiihw rt.lmtnnng Bdtrtge 

■UT Odl>urtBbiire und Oynikologie, VII. 
HnintOTB, O. Vom, 1909. Ein Ifttenl herm&pbroditiBch gefarbtor Gimpd (Pyrrhvia 

pyrrAuIa europata). Gee. N&t. Preunde m B«riin. 
HutBflT, C, 1901. Fonnative Reise in der tieriachen Ontogmese. L^png. 
HaBLTHKA, A., 1899, Sul tnpi&ntMnento dei teatdooli. Arch. f. Ent.-mec., IX. 
HouniB, B. J., 1906. Phototajda in fiddler orkba and its relation to themice of orientation. 

Joum. Oxup. Neurol., XYIII. 
HunooN, W. H., 1892. The natur&list in Ia Plata. London. 
Hull, J. E., 1918. Gynandry in afaehnids. Jour, of Genetke, VII. 
HmmR, John, 1780. Account of an extmordinaiy i^ietwuit. Fhil. Tnns. Rorttl Soe. 

London., LXX. 
Hdsbt, C. C, 1905. Expoiments with poultry. ReportB Evol. Committee, II. 
JoNxe, E. L., 1914. The Campine Qub, 1914, Year Book (see also Farm Poultry, June, 

1914, page 113). 
HkXLLoaa, V. L., 1904. Influenee of the primary reproduetirc organa on the aeeoiklary 

sexual characters. Jour. Exp. Zool., I. 
KwAPra, E., 1886. Das biddenche Oigan. Morph. Jahib., XI. 
Kopfic, S., 1913. NoehmalB Uber die Unabhftngigkett der Auabildung sekund&rer Ge- 

Behlechtschaitkktoe Ton den Gonaden b« Lqadopteren. Zool. Am., 

XUll. 
KuBB, W., 1874. ITber androgyne Misibildui^ bei Cladooowi. Sitt. d. matli.^iat.-«iaB. 

Klaese. d. Akadem. WisBensdi., Wien., LXIX. 
Imwmnm, G. Sex-limited inheritance in poultry. Anat. Reeord, Xt, p. 490, 1910-17. 
Lillh, F. R., 1917. The fre«-inartin; a study of th« actitnt of sex-hcwmoneB in the fastal 

life of cattle. Jour Exp. Zool., XXIII. 
LiPPiNCOTT, W. A., 1918. The caK of the bhie Andalusian. Amer. Nat., LII. 
LoXWT, A., 1903. Neuere Untersuehungen titr Physiologie der Gesehlechteorgaae. &gcfan. 

d. Phys. 11. Jahrg., 1 Abt., Biochemie. 
LoiBXL, 1901. OrenouUle femelle preeentent toutes )ei eancttoee sexueb aeeondalrea 

du male. Comptn Raid. 800. BioL 
McEwiH, R S., The reactions to li^t and to gravity in Dnuophila and its muttfnts. 

Jour. Exp. Zool., XXV. 
Mabsball, a. M., 1884. On certain abnormal oondttions of the rqiroduotive (vgans irf the 

frog. Jour. Anat. and Physiol., VIII. 
Mabshaix, F. H. a., 1910. The pheyiology of reproduetiim. Lmidon. 

, 1910. niyaiology of Reproduotion. New Yoit. 

ns MnUBBX, J. C. H., 1911. t)ber getrennte Vererbung der Q«s(^edtiter. Arch. Rasa. 

Gesdl. VIII. 
Matbb, a. G., 1897. A new hypothem of seasonal-dimarphism in Lepidoptera. Psyche, 

vni. 

, 1900. On the mating inrtinct in moths. I^yche, IX. 

MAUvrn, L., 191ft. I Caretm Bcaauali seoondari e le eelliile intentitiali del testicolo. 

Anat. Ani. XXXVIII. 
MMi^uraztmR, J., 1909. BxperimenteOe Studien nii Bcnna-und GeachleohtadiSereu- 

■ierung. Jma. 
, 1911. 'Cber die Wirinmg von Hoden-und Gvarial-Bubatani auf dieadcun- 

dftren GeeeUechtsmeikmale dee Froeches. IiorA. Ani., XXXVIII. 
Mttanis, P. J., 1900. Ober die Wirkungen der Kastration. Halle. 
MoNTocMaKT, T. H., Jh., 1909. Furtha studiesonthe aotiriticB <rf Araneads, II. Froe. 

AokL Nat. Sd., Philaddphia. 



Digitized by VjOOQIC 



BIBUOGRAPRT. U^ 

MoNmOKBKT, T. H., Jr., 1910. llw rigaifigMwa of the MwrUuv aitd seoondaiy smdmI 

ohanotcn ot Aruieads. Amer. Nat., XLIV. 
HoROAK, T. H., 1906. An attenutiv« iatapi«tation of the oripa of gjmutdKmatphoui 

iuBMita. Bdenoe, XXI. 

, 1907. Experimental Zodogy. New York. 

, 1909. A biologioal and cytologioaJ study of sex detenninatkni in phylloxenuu 

and aphids. Joum, Ebcpr. Zool., VII. 

— , 1913. Heredity and sex. New York. 

, 1914. Moeaia and BynandrwnorphB in DnMophQa. Proo. Son. BioL and 

Med., XI. 

■ — — ', 1914. Sex-^mited and sex-linked inheritanoe. Amer. Natur., XLVIII. 

, 191K. Demooatntion of the appearanoe after castration of oook-feathering in 

a IraMeatheKd eoekeid. Pn>e. Soe. Exp. Biol, and Med., Xlll. 

— — -, 1917. TTw themy ot the gene. Amer. Natur., LI. 

, 1918. A critique <rf the theory of evolution. New YoA. 

~— , 1918. CiKtoenunK the mutation the(H7, Scientific Monthly, May. 

~— , 1918. Changes in facttwa through eelection. Scientific MonlUy, June. 

^— , 1918. Evolution by mutaticm. Sdeotifio Monthly, July. 

MoBOAN, T. H., and H. D. Goodalb, 1912. Sex-linked inheritanee in poultry. Annals 

New Yfrt Acad. Sdenoe, XXII. 
MOujia, R., 1907. Sexualbiologie. Berlin. 

, 1906. Das Problem der aekundSren Geoohlechtamerkmale und die IWsueht, 

Mm«, B. D., 1910. Histologioal changes in testes following vaseetomy. Anat. Beond 

X, 1916. 
NtcooLU, F., 1731. An aooount (rf the hereiaphiodite tobstw. PhiL Thuis. LondcMi, 

XXXVI. 
HtmSBAQM, M., 190S. Einfluw dee Hodcmsdcrets auf die Entwit^lung der BrunstcHgane 

des lABdfrosches. Verbandl d. Naturiiiet. VerouB. f. RbeinL-WesI^ 

falen, LXII. 

-— ■■ ■ -, 190S. InnereSduetionundNervMieinfluaB. Erg^n. Anat. undEnt.-ges., XV. 

■~— — — , 1909. Hoden und &runBtiM'{pae dee braunm Landftmehes {Bona fiuea). 

Arch. t. d. gesamte Phya., CXXVI. 
Oui>niA]fB, H. Th., 1899. Falter aus kastrierteo Rauput, wie eie auasabm and wie sie 

Rich henchmen. Zo(dog. Jahrb., Abt. Syst., XII. 
Packard, A. S., 1875. On gynandromcnphiero in the heptdofHacA. Mem. Bosttm Sob. 

Nat. Hist., II. 
PAiimK, T. 8., 1913. On the dimorphMm ol the males of Maoia nUata, a jumping spider. 

Zool. Jahrb. Abt., Syst., XXXV. 
Pbahli R., and M. R. Cdrtu, 1909. Studies on the physitriogy of reproduoUon in the 

domestic fowL BioL Bull, XVII. 

, 1910. Studies on hybrid poultry. R^. Maine Agri. Exp. Station. 

, and F. M. BtmrACB, 1910. On the inheritanee of the barred ooIot pattern In 

poultry. Arch. Ent.-mech., XXX. 
— — , , 1910. Furthw data regarding the sex -liiiut ed inheritanse of the 

barred colored pattern in poultry. Science, XXXH. 

, and A. M. Bobiko, 1917. Sex studies. Anat. Reo., XIIl. 

, 1917. The ecHpus luteum in the ovuy of the domestic fowl. Am. Joum. of 

Anat., XXIII. 
PCAsac, A. S., 1912. The habits ot fiddler ccabs. Philippine Joum. Science, VII. 
, 1914. On the habits ot Uoa jntgtta and Uea pugilalor. Wieoon. Aead. Sd., 

XVII. 
PmETNKBWiTCH, A., 1911. Sense of >i|^ eouHahip,and mating in Dufuidla hentii, a 

tberaphosid spider from Texas. ZooL Jahib., Abet. Syst., XXXI. 
PooocK, R. I., 1905. The effects of oastoation cm the home of the prongbuck. Ptoc 

Zo(A. Boo., London. 



Digitized by VjOOQIC 



IM BIBUOORAPHT. 

Poll, H., 1900. Zur Lehnvoa den Mkaodiren SezuiJaluknktenaL Biti. Qem. N*t. Fr. 

■uBeriin. 
Poncsr, A., 1903. De t'iofluaiae de la eastntioa but le develtqtponent du aqudeUe. 

Compt. R«dQd. Soo. Bkd., LV. 
PoBTEB, J. P., IM6. The babita, ioatiocU utd mental powera tA qriden. Jour. Phya., 

xvu. 

Pom, F. A., 1B06. The modifioation ctf the sexual oharaoten of the hermit crab oauaed by 

the parasite Pittogatter. Q. J. M. So., L. 
P m r ww t , R. C, 1916. Mimiai7 in butterflies. Cambridge. 
PnNmrar, R. C., and P. Q. Baiut, 1914. On inhuitance of wu^t in poulti;. Joum. ol 

Oflnetice, IV. 
Rabhiibbxm, a. T., 1917. Seaeonal ifiiangea in the interstitial oells td the testis in the wood- 

ohuek, Marmobi numox. Am. Jour, of Anat., XXII. 
Rbaqan, E. P., 1916. Some icflulta and poesibilitiee <rf eari; embryonic caBtmti<m. Anat. 

Record, II. 
RsiTia, T. P., 1915. On the tHwenoe of intentitial oells in the chif^m's testis. Anat. 

Reeord, IX, 19IS. 
RooEH, J., 1909. Kaatr^icm und ihre FolgeoBcheinungen bu Orylltu compeetnt L. ZooL 

Am., XXXIV. 
, 1910. Kaatiation und ihre Fcdgeerwdieinungcai bei Oryflui competJru L. 

Zod. Ani., XXXV. 
RiBBiBT, 1897. Uber Ver&ndenmgen tranqilanticrter Gewebe. Aroh. f. Eat.-mec, VI. 
, 189S. tlber Tranaplantaition von Ovarium, Hodoi und Mamma. Aroh. f. 

Ent. mech., VU. 
Roiuma, G. J., 1892. Darwin, aod after Darwin. Chioago. 
ROua, A, 1899. Welche Beuehungoa bertehen iwischen drai Reproduktiooeor^nnk der 

Cerviden und d« Geweibbildung deraelbea? Arch. Entw.-mech., VIII. 
, 1901. KocT^tionen iwischen Kewisaen Organen der Cenriden und den 

Oeweihtti detnelben. Verhandl. intemat. Zoolog. Kongrees, B^in. 
Shattock, S. Q., and C. O. Scucwann, 1906. An example of true bennaphroditism in the 

domestie fowl with remariia on the phenomenon of aUt^terotiam. IVans. 

FathoL Soe. <rf London. 
Swra, GioFFRiT, 1910-1912. Studies in the experimental analyvs of sex. Q. J. Micro. 

8ci., LIV-LVm. 
, 1913. On the eEFeet tA oaetr&tion on the thumb of the frog. Bona /titca. 

ZooL Ans., XLI. 
auTS, OBorraar and Mrs. Huo Thomas, 1913, On stwile and hybrid pheasanta. Jour. 

Gen., III. 
Spbnou., J. W., 1S7Q. Das Urogeoitalaystem der Amphibien. Arbeit. ZooL Zoottrai. in 

WOnburg, III. 
SpiiNaEL,J.W., 1889. Zwitterbildung bei Amphibien. B)<J. CentivlbL, IV. 
SnuiiiAN, W. J., 1908. Spurious aUelomorphism. Am. Nat., XUI. 

, 1909. Barring in barred Plymouth Boeka. Foultrf, V. 

Stauati, G., 1888, Sui I'opration de la eastration chea I'taevisse. BulL Soo. Zo<^ 

Pranoe, XIH. 
Stbihacb, E., 1910, Geachtechtstrieb und echt adcuod&re Gesohlechtainerkinale ale Folge 

der innenekrettxiacheQ Funktion der KebndrUsen. Zeit. f. Phys., 

XXIV. 
— i 1912, WillkOrlioho Umwaadlung von 8&ugetiei^MAnnchen in Tieren mit 

ausgeprigt weibUohen Geechlechtscharakteren und weiblicher Psyehe. 

Archiv. gee Phys., CXXXXHII, 
Stbpban, p., 1902. De I'h^rmaphroditisme chei les vert^brfa. Annal. de la faoultA des 

sciences de Marsdile, XII. 



Digitized by VjOOQIC 



BIBLIOGBAPHT. 105 

BfiwjKAsa, C. R., 1911. The fate of the ovarian tiamea irtien planted on diff«nnt organs. 

Arch. f. Ent. Mech., XXXII. 
, Mid G. N. PAPANTCOLJLtr, 1917. The exintaice of a typioal ostroiu eyde 

in the gninea-pig. With a study of its histologieal and ph;m(doKi(»l 

ehanj^. Am. Jour, of Anat,, XXII. 
STOTBimcBa, J. H., 1913. The effect d epaying and Bemi-spaying young aUuno rata 

(Jlfua JWTvtgieu* aSfinvM) on the growth in body weight and body length. 

Anat. Reo., VII. 
Stdktevabt, a. H., 1911. Another sa-limited oharaoter in fowls. Science, XXXIII. 
, 1912. An expoiment deling with rax-linkage ia fowls. Joum. Exp. ZooL, 

XII. 
, 1S15. Experimemta on sex reoognition and the problem of sexual MleeticMi in 

DroatrpkUa, Joum. of Animal Behar., V. 
Swm, C. H., 1914. Origin and early history of the germ odls of the cluck. Amer. 

Jour. <rf Anat., XV. 
TiStOMB, J-, und K Kmllar. Die KOrperfonndo'wdblichen Fniehkastiaten des Rindes. 

Arohiv Entw-meoh., XXXI. 

, und S. GnoBS, 1909, 1910. Ueber den Einfluas der Castration auf den 

Organismus. Archiv f. Entw-nech., XXVII, XXIX, XXX, 1909. 
, und S. Gbobe, 1913. Die biologischen Grundlagen dor sekundAren Ge- 

Bchlechtschandctere. Berlin. 
V. ij, VAI.STTE St. Gbobob, 1S95. Zwitteibildung beim kleinen Waasennoloh. Ardi. 

Mik. Anat., XLV. 
Walkiir, C. E., 1906. The influence of the testis upon the secondary sexual oharacteiB of 

fowls. Proc. Royal Soc. of Med. 
WAU.AC1I, A. R., 1891. Banriniflni: An expoaition of the theory of natural selection. 

London. 

, 1891. Natural selection and trt^ical nature. London. 

Wbbui, M., 1890. Ober einm Fall Ton Hermaphroditiamue bei Frm^iOa eodOa Zool. 

Am., XIII. 
Yabscui, W., 1827. On the changes in the phunage <rf some btn-pheesaots. PhiL 

Trans., 117. 
-— , 1S57. On the influmoe of the sexual organ in modifying external d>anoter. 

Joum. Proc linn. Boc., I. 



Digitized by VjOOQIC 



DESCRIPTION OF PLATES. 



Plaxb 1. 



Ro. 1. Bhdt-Breaated Gune bcmtftm ooA.. He is typically oock'feBthered, but, u in kII 
gunee, hie huUce utd tAS-coverta are ehort«r than in the cocks of other 
breede. The comb waa dubbed by the breeder. 

na. 2. Black-Breasted Game bantam hen. The great oontnut in ookn' between tlie cock 
and hen is practioally the same bb that in the Brown Leghorn, in moat racei 
of Toaa fowli, and in the wild type GoQut hankua. 

no. 3. Babri^ oock, "hen-feathered." Hm short hacklea, the rounded feathers of tho 
back and saddle, and the riwrtnen of the tail-eoreorta are chaiacteristie 
featorea it thoM make. For details of indiridual feathers from different 
regions see plates 6 and 8. 

no. 4. A oastrated Setn^t male. The drawing was made about a year after the op«a- 
titm. This particular bird developed a lighter color than did other castrated 
Sebrights (see plate 3, fig. I). The mtiie dorsal region has changed its coIch-, 
and the featlters have also dianged in shape, length, etc. Note eepedaDy 
the Tcry long hackle and saddle feathers (for details see plate 6, fig. la) and the 
change in the wing-bow. The tail-oovots hare also grown long. 

Pun 2. 

Via. 1. Fi hen-feathered male out of Game by Sebright. The hen-feathering in this Urd is 
. ae complete as in the Sebright. 

no. 2. F| female out of Game by Sebright. 

Fia. 3. Castrated male miginally besi-feathered (292), nearly black in color, as shown by the 
individual featbars of plate 7, figure 2. After castration the bird has beoome 
red above, with bhuk irideeoent tail-coverts, and deeper yellow (or red) bdow. 

no. 4. Caatoated Fi male, originally like figure 1. Note especially the change in ocdor of 
the whole uppw eurfaoe that has become red, like that fA the juo^e^owl. 
Tlw laii-eoverta hava grown Icmg and are now irideaaent black. The breaat 
has changed least, but is a richer ydlow. The oomb and wattles and ear 
lobes are ahrank^ as in all oapona. 

Puna. 

no. 1. A castrated Sebri^it male. Hw operation was poformed on a juvenile bird; the 
drawing was made a year later. The bird is typical aa to the change in eok» 
tiiat takes place in the Sebri^t. Be was darker red than the bird abown 
in plate 1, figure 4. The red was more mahogany than the picture sbowa. 
Hw original feathers were like those in plate 6, fig. 2 (thm oroneoualy 
referred to aa those of light-colored S^rixht). 

no. 2. An Fi hen^eathered very dark male, llie ei»dition of his plumage at the time ol 
the operation ia shown in this figure. The change that took place after oasb^ 
tion is shown in the next figure. 

no. 3. The change that tocd( place in the bird drawn in figure 2 is wbamn here. The whole 
upper surface has beeonie red, Kcoept the tail-coverta, which are irideacent 
bltw^ Note also the clunge in cokur on the wing-bow. For the details of tin 
feathoa see plate 9, figures 1, la. 

no. 4. A eastiatad F| bird that had been hen-feathered and had changed over to oock- 
feathering, as shown here. The color and the detaila of the (viginal bea- 
feathering are afaown in plate 6, fignree 2 and 2a. 
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Pun 4. 
na 1. One of the orighutl BlM^Breuted Qune milei used in the braeding «qMrii&«tti. 

Compare whli ooliawl dmwing, plnte 1, figure 1. 
Pio. 2. A Bl«lc-Br««ted G&me hen used in the breeding experiments. Compere with 

colored drawing, {date 1, Bgan 2. 
no. 3. ASelmgfatinftle. ThebirdwMaeedintheUterbw^-KBfieBeeendnotintheQripiukl 

expanntaOt. He is typical <A his tinned. 
Fio. 4. A Sebri^t female. One ot the birds need in the original eoifterimaita. 
Fio. fi. An Fi male. This bird had juet reaohed matarity and was younger tlkan the one 

dnwn in plate 2, fignra 1. 
Fia. 0. An F| ben ed the aame age aa the last. The pattern changed a little as the bird 

became older. 

Plate 6. 
Fko. 1. An aduH Sebright male for oomparisoD with the next figure. 
Flo. 2. A oaatnted Sebri^it male. Thk photograph alunn the same bird from which the 

drawing, plate 1, fignre 4, was made. It ie the li(jiter ookred bird refsred 

to in the text, 
no. S. One ot the two Fi oastrated birds. Few eompariaon see the ocriored drawing in 

plate 2, figure 4. 
Fia. 4. A eaatrated Belwij^t. This bird is dvlar, aod in this Baoee man tTpieal than 

figure 2. 
Fio. 5. One of the oaatnted Sebri^t make which at one time after eMtration was as 

extremely cock-feathoed as figure 2, but sknrly "went bade" towards hen- 
feathering, aa the fignre showa especially in the hackle and saddle. The 

details are much better shown in the featlwn photographed in plate 8, figures 

I, 2, 3, 4, la, 2a, 3a, 4a, lb, 2b, 3b, 4I>. 
FtO. 6. The same bird was opiened and the regenerated pieces ot the teetia removed. He 

letomed later, as shown here, to full oook-f eatitering. 

Plos. 1, 1a. T^rpical <dd (1) and new (la) feathers (^ter oastratimi) of the same bird. This 

is the "Hgjitw" male diKwn in [date 1, figure 4, and photographed in plate 

a, figure 3. 
Fioa. 2, 2a. Typical old (2) and new (2a) (after castration) fettthns of another Setwi^tt. 

This bird devdoped after oastntiou darker feathen than did the last bird. 

Its feathers were more like those that other oastrated Sd^ri^ita derdoped. 

Legend <m plate 6 errmeous as far aa2 and 2a are oonoemed. 

Pun 7. 
noB. 1, U. Typical dd (1) and new (la) (after oasbatioo) feathen of an Fi bird. (See 

(date 2, figures 1 and 4.) 
TiOB. 2, 2a. Typical old (2) and new (2a) (aftor castratioD) feathers of l»id shown in [date 

3, figures 2 and 3 (No. 393). 

FUT>8. 
l^iueal fenthers (rf "dadc" Bebri^ (1, 2, 3, 4) that after inoomplete castratitm changed to 
eocdc-^eathoing (la, 2a, 3a, 4a), then later, as pieoes of the testes that had been 
left bdiind in the old aitus regenerated, bepm to go back towards hen- 
feathering (lb,36, 3b, 46). The Iwd was then opnoA again, and the regener- 
ated pieoes remored, when it aptin became coek-4eathgred (le, 2e, 3c, 4e), 
and has so remained for nwre than a year. 
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Flo*. 1, lA. TrpiMl fMtben of hMkle ud Mddle fram hn^Mthmd bM (No. tS) 

pUte 3, figure 2, tint diuigsd orcr to the «oek-{«BtlMnd tunl of |^^ 3, 

figures. 
Ptoa. 2,2a. 'I^rpii3alfMtliencrfuiPimAle(2]th>tahMiBadonrpartlyaBKnniltof ckgen- 

tntioD of iit teatM, into a oodb-fMthend bad (2a). IIib chanso wm Dot bo 

gK*t u it is af tw oastntioD. 
Ptoa. 8,3a. T^pioalfaathientrfSelHi^t mala that ali^tljohaiigedtOvardieodc-fsatlMring 

(aid *«^n« fwithiT mianiig). 

pLAn la 
noa. 1, 1a. CHd(l)&ndiim(lA)wtiig-<»Tertao(iMMiiiBlBebri{^(l)AndoaBtrated(lA}. 
Fioa. 3a, 2b. Upper row, to ri^t, "TnnBtional" hackle feathen (2a), and a ili^Uy 

later duLDsed-ow feather from ini)t4x>w (2a), and from bade (2b). Second 

row, U>Utt,6id (2), tntnaitional (2a), aod diai«ed-OTW foatbw (2b), foxn 

nddlaofSetxitfit. 
Fia. 8. Thne feathot (tail^corert, wiDg4>ow, and saddle) of an Fi hen^eathered gameJike 

male. 
no. 4. AasicBof tveaatfeathenfromauFibird. At one end of theaerice (thehft) the 

feathv k ipaa^ad, at the other ban«d. 
Fio. S. A Mriea ot brcaat featiMra from another Fi Urd. At me end of the seriea (the 

1(A) the featben an pendbd, at tbe vUmt cod tbcy an banad. 
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n male, 3. Sebright mak, 

4, Castrated Sebright male. 

Digitized bi'VjOOQiC 



Digitized by VjOOQIC 



3. Castrated F, male. 

4. Castrated F, male (Fig. 1>^ . 

l,z:dcyClOOglC 
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I. Black-Brcasled Game mole. 2. Black-Breaated Game ftmnle. 

3. Sebright male. 4. SebriKhl temnle. 

5. Hybrid male. 6. Hybrid female. 
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1. Adult ScliriKhc male. 

3. CnatratiHi Fi male. 

5. Cnfltratrd ^ebrieht male ' 



I. ('astrated Sebright male. 

I. Another castrated Sebright male. 

1. Same at 5 after sccood removal of U 
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Featlicrs of "light" colored Sebrigin (1, 2) that changed tii cock-featliers 
ter castration (1», 2a). 
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Featliers of F. hen-fealliered male before (1), and after (la 

Feathers of a darker lien -feathered male btforc (2), and after (2i) i.__.. 
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testes regeneralcd ( M 
canralioii (I<^, 2= :it, 






lie Sebriglit (I, 2. ^, 4) thai changed to cock- 
castration; and then hegan to go back as the 
, then changed again ici cock- feathering *^V{">(j|(* 
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Normal, 1, 2; Iransitional, 1", 2», and changed-over feathers, 2^. of Sebriglit. 
9, 4 and 5. Feathers from F, birds. 
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